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C H A P T E R I 
INTRODUCTION 
1.1 STRUCTURE AND SOME CHARACTERISTICS OF SULFINES 
The S-monoxides of thiocarbonyl containing compounds are currently termed sulfines1,2·3·4·5 . This 
name was suggested by Sheppard and Diekmann to indicate the structural relationship with thiocarbonyl 
5,5-dioxides, which are known as sulfenes6. 
X О X О 
Sulfine: \ ß Sulfene: 4 = = / ' / s / w 
Y Y O 
Scheme 1.1 
Formally, sulfines may be considered as derivatives of sulfur dioxide in which an oxygen atom is 
replaced by a carbon atom. The structure of sulfines is, therefore, like sulfur dioxide, expected to be 
nonlinear. This is in accordance with Walsh's rules which state that molecules X-Y-Z are nonlinear if 18 
valence electrons are present7. The nonlinearity of sulfines has been established by means of cupole 
moment measurements8,9·10,11, ^-NMR spectral analyses9,12,13, microwave spectroscopy11 and X-ray 
diffraction14,15,16,17. As a consequence of their nonlinear structure unsymmetrically substituted sulfines can 
exist as geometrical isomers. Several examples of stable geometrical isomers of sulfines have been 
reported1,2,3·4·5·8·9. 
The charge distribution in the parent sulfine (H2C=SO) and some halogen substituted sulfines have 
been calculated by дй initio methods18. These calculations show a positive charge on sulfur (0.60 - 0.67) 
and a negative charge on oxygen (-0.67 - -0.70) which are almost unaffected by the nature of the 
substituents of the sulfine. The charge on the carbon atom is strongly influenced by the nature of the 
substituents. 
The stability of aromatically substituted sulfines is usually greater than their aliphatic counterparts. 
A hetero substituent at the sulfine carbon atom usually enhances the stability, e.g. CI, S, SO, SO2, P, NHR 
(not O)4. 
Ethylsulfine has been characterized as the principal lachrymatory factor in onions5·13,19,20. This 
sulfine is formed by action of the enzyme alliinase present in onions (0.2% by weight). This enzyme 
converts íraní-(+)-5-(l-propenyl)-L-cysteine 5-oxide into 1-propenesulfenic acid, which then tautomerizes 
rapidly into ethylsulfine (Scheme 1.2). This sulfme could be isolated by careful extraction of freshly 
crushed onions and subsequent distillation in vacuo at -20oC. It was shown that this sulfine has 
predominantly the Z-configuration (95%). 
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1.2 SYNTHESIS OF SULFINES 
Attempts to prepare sulfines were recorded by Straudinger in 191621. The first stable sulfine was 
prepared by Wedekind, Schenck and Strüsser in 1923 by reacting camphor-10-sulfonyl chloride with 
pyridine or tríethylamine (Scheme 1.3)22. The structure of this chlorosulfìne was confirmed about four 
decades later by King and Durst using spectroscopic evidence8. 
CH2SO2CI pyridine 
or EtsN 
Scheme 1.3 
The first stable thioaldehyde S-oxide23 and thioketone S-oxide6 were prepared by 1,2-
dehydrohalogenation of the appropriate sulfinyl chloride (Scheme 1.4) in the early sixties. This method is 
especially suited for the preparation of alkyl substituted sulfines5,6, 'З·2 0·2 4. A drawback of this synthetic 
method is that suitable sulfinyl chlorides for preparing functionalized sulfines are difficult to obtain. 
Η X X О ,C1 EtjN \ // 3 . \ s 
Scheme 1.4 
It is of interest to note that ethylsulfine, the lachrymatory factor of onions, has been synthesized in 
this manner20. Attemps to prepare the parent sulfine (H2C=SO) from methanesulfinyl chloride and 
tríethylamine failed6·25. The dehydrohalogenation of methanesulfonyl chloride is however, the most 
common method for the in situ generation of the parent sulfene (H2<--=S02)26. Recently, the preparation of 
2 
the parent sulfine as well as the parent sulfene was described using the fluordesilylation reaction of 
a-trimethylsilylmethanesulfinyl chloride and α-trimethylsilylmethanesulfonyl chloride, respectively27. 
A convenient method for the preparation of α-οχο sulfines involves the in situ generation of β-οχο 
sulfmyl chlorides by a reaction of active methylene ketones or silyl enol ethers with thionyl chloride (see 
also Chapter Π and III) followed by a dehydrochlorination (Scheme 1.5)28·29·30,31. o-Oxo sulfines can only 
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be isolated if they crystallize from the reaction mixture29,31. Attempts to isolate other α-οχο sulfines failed 
since they readily underwent a reductive hydrolysis to give the corresponding methylene ketones. 
The method with the largest range of applications for the synthesis of sulfines is the oxidation of 
thiocarbonyl compounds with peracids1,2·3,4·5. Thioamides32,33, thioacyl chlorides34,35, thioacyl 
silanes36,37, dithiocarboxylic esters9·38·39,40, trithiocarbonates41, aromatic thiones12,42,43, aliphatic thiones44 
and α,β-unsaturated thiones45 can be converted into the corresponding sulfines. This method is in fact 
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Scheme 1.6 
limited to non-enethiolizable thiocarbonyl compounds. If an appreciable amount of enethiol is present, 
oxidation leads to vinyl disulfides46. However, Metzner and Pham showed recently that an aliphatic 
dithioester of the type КО^СЗгК' could also be oxidized to the corresponding sulfine39. It should be 
emphasized that generally the oxidation of a thione occurs much faster than that of any other oxidizable 
function, e.g. alkene, sulfide, sulfoxide, present in the same molecule. Accordingly, the selective oxidation 
of a thione function can be achieved in many cases39,42,45,47. 
Another approach for the synthesis of sulfines is the replacement of one oxygen atom in sulfur 
dioxide by an alkylidene group. It was demonstrated that the alkylidenation of sulfur dioxide using a-silyl 
carbanions, a modification of the Peterson olefination reaction, is an excellent and general method for the 
synthesis of sulfines (Scheme 1.7)48,49,50. The required a-silyl carbanions can easily be prepared by 
3 
silylation of readily available active methylene compounds or by ß-addition of appropriate nucleophiles to 
suitable vinyl silanes. The method can be used to prepare types of sulfines that are not accessible via the 
oxidation route. 
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Scheme 1.7 
The retro-Diels-Alder reaction was used recently to generate sulfines (Scheme 1.8)51. The 
anthracene adduct was prepared by oxidation of the cycloadduct of a thione and anthracene. Heating of the 
anthracene adduct in the presence of г.З-йіпіеЛуІ-І.З-Ыпааіепе afforded anthracene and the 
2,3-dimethyl-l,3-butadiene adduct of the sulfine thus generated. 
Scheme 1.8 
Other synthetic routes to sulfines, which are of minor importance, have been summarized in recent 
reviews1,2,3·4. 
1.3 REACTIONS OF SULFINES 
A characteristic behaviour of many types of sulfines is the loss of elemental sulfur to give ketones 
under thermal32·52 and particularly photolytic conditions (Scheme 1.9)8·9·23·53. Photodesulfurization in 
// hv 
or Δ 
S. с A 
Scheme 1.9 
dilute solutions and thermal desulfuración under argon, was shown to take place via an oxathiirane 
4 
intermediate53·54. Desulfurization of sulfines to the corresponding ketones can also be accomplished by 
oxidation with peracids42*45,55. Sulfines can undergo geometrical isomerization on heating8, exposure to 
irradiation53 or by electrochemical means56. This EfZ isomerization of sulfines was also observed upon 
exposure to tertiary amines57,58. 
The hydrolysis of sulfines depends on the nature of the substituents1,2. Sulfines substituted with 
groups that are not electron-withdrawing undergo acid-catalyzed hydrolysis to the corresponding 
ketones5'. Initial protonation of the sulfine oxygen facilitates the attack of water at carbon. The a-hydroxy 
sulfenic acid thus formed then undergoes an elimination of HSOH to give the ketone (Scheme 1.10). In 
contrast, sulfines substituted with strong electron-withdrawing groups undergo a reductive hydrolysis to a 
methylene group29·31·48·60·61. Initial nucleophilic attack of water at the sulfine sulfur atom gives a sulfinic 
acid. Subsequent loss of sulfur dioxide then leads to the methylene compound (Scheme 1.10). 
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Sulfines can undergo two principal modes of reactions with nucleophilic reagents, viz. a thiophilic 
and a carbophilic reaction, as shown in Scheme 1.11. Nucleophilic reactions at the positively charged 
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Scheme 1.11 
sulfur atom are observed quite frequently, whereas attack at the carbon atom seems to be limited to 
sulfines bearing a leaving group L at the sulfine carbon atom. 
Diarylsulfines react with alkyllithiums and phenyllithium to give the corresponding sulfoxides, as 
shown in Scheme 1.12.62 
This addition of nucleophiles to diarylsulfines can be performed in an asymmetric fashion if an 
optically active aminoalcohol is used as a cosolvent (Scheme 1.13)63. 
Sulfines derived from dithioesters also react with methyllithium or phenyllithium to give 
dithioacetal mono-, di- and trioxides. The dithioacetal monoxides give an aldehyde on acidolysis (Scheme 
5 
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1.14). Furthermore, these species can serve as acyl anion equivalents in nucleophilic acylation reactions 
and can be used to prepare unsymmetrical disulfides upon acidolysis38·64 . 
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A thiophilic reaction of phosphoryl sulfines with an alkyllithium leads to carbanions which, in a 
Wittig-Homer type reaction, produce α,β-unsaturated sulfoxides upon treatment with aromatic aldehydes 
(Scheme 1.15)65. Alternatively these anions can react with alkyl halides providing a-sulfmyl 
phosphonates, which give unsaturated phosphonates upon heating (Scheme 1.15)65. The reaction of several 
sulfines with functíonalized carbanions as nucleophiles has also been investigated, but the course of 
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reaction is rather complex and is influenced by the nature of the carbanion and the counterion*6. 
Carbophilic reactions of sulfmes with nucleophiles are particularly observed with chlorosulfmes. 
Substitution of the halogen atom has been accomplished with several nucleophiles35·66·67. The geometrical 
configuration present in the chlorosulfme is retained preponderantly in the product (Scheme 1.16)35. 
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Sulfmes bearing a hydrogen atom at the α-carbon atom can be deprotonated with a suitable base to 
give anions which in fact are vinylsulfenates. Electrophilic alkylation at the sulfur atom then leads to 
α,β-unsaturated sulfoxides (Scheme 1.17). The use of ΤΙφΟΕι as the base is essential, since with other 
types of bases complex mixtures are obtained65·68. 
Sulfmes can be O-alkylated with triethyloxonium tetrafluoroborate to give sulfonium salts (Scheme 
1.18)69·70. 
Some aliphatic sulfmes react with alkanesulfinyl chlorides, via O-suIfinylation, providing 
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thiosulfonates (Scheme 1.19)5·71. 
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The reaction of methylsulfme with thionyl chloride gives also O-sulfinylation ω produce 
chloromethanesulfenyl chloride5,71. Treatment of aryl aminosulfines with thionyl chloride results in 
extremely unstable iminium salts. Subsequent treatment with pyridine in some cases leads to the isolation 
of 1,4,2,5-dithiadiazines (Scheme 1.20)70. 
For some sulfmes a dimerisation has been observed. In this reaction sulfmes undergo a 4 + 2 
cycloaddition reaction in which they function both as a 1,3-dipole and a dipolarophile furnishing unstable 
cyclic sulfenyl sulfinate esters, which then rearrange to 1,2-dietane 1,1-dioxides (Scheme 1.21). In the case 
of ethylsulfine, the lachrymatory factor of the onion, the 1,2-diethane 1,1-dioxide is isolated after a slow 
dimerisation5. In other cases sulfmes are converted into olefmes via dimerisation, with elimination of 
sulfur dioxide from the thietane and extrusion of sulfur from the thiirane as illustrated in Scheme 1.216·72. 
Sulfmes can undergo a variety of cycloaddition reactions1·2·3·4·5. 1,3-Dienes react with differently 
substituted sulfmes to give dihydropyran S-oxides. Electron-withdrawing substituents enhance the 
dienophilicity of the sulfine, while sterically filled groups have a strong retarding effect4. As illustrated in 
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Scheme 1.22, the stereochemical relationship is retained in the cycloadduct73 which is typical of a 
concerted 4+2 cycloaddition reaction, although one example of a nonstereospecific cycloaddition reaction 
has been reported36. It was shown recently that this anomalous stereochemical result can be explained by 
invoking a geometrical equilibration of £ and Ζ sulñnes prior to the cycloaddition 74. 
Several sulñnes, with a chiral substituent, have been used to perform the cycloaddition reaction in 
an asymmetric fashion. Chiral inductors derived from proline and terpene alcohols have been attached to 
the sulfine function, but only a moderate asymmetric induction was observed49·75. Excellent results (d.e.'s 
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of 100%) are obtained for the cycloaddition reaction of sulfoximino sulfines, which are prepared νια the 
modified Peterson reaction (Scheme 1 23)58 7 6 
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The chlorosulfine derived from camphor (see Scheme 1 3) also underwent a cycloaddition reaction 
with 2,3-dimethyl-l,3-butadiene in a complete diastereospecific way58 76 
1 4 AIMS AND SURVEY OF THE RESEARCH 
As mentioned in section 1 2, the synthesis of α oxo sulfines by the reaction of methylene ketones 
or silyl enol ethers with thionyl chloride is an attractive method to prepare these very reactive sulfines 
However, there are a senes of questions concerning this method that still await an answer, viz 
What is the scope of this new route to α oxo sulfines7 Which type of functionahzed sulfines are 
accessible by this method7 
Which side reaction(s) is (are) responsible for the sometimes disappointing yields9 
Can sulfmyl transfer reagents other than thionyl chloride be used9 
The first objective of the research described in this thesis is to provide answers for these questions 
10 
The second objective is to investigate the chemical behaviour of α-οχο sulfines. 
In the introductory chapter a brief review is given concerning the chemistry of sulfines. Chapter Π 
deals with the synthesis of sulfines by the reaction of doubly-activated methylene compounds with thionyl 
chloride. In Chapter ΙΠ the synthesis of a variety of α-οχο sulfines using the reaction of silyl enol ethers 
with thionyl chloride is described. The problem of the interfering side reactions is also treated. The 
Diels-Alder reaction of o-oxo sulfines and 2-silyloxy-l,3-dienes is described in Chapter IV. In Chapter V 
several sulfinyl transfer reagens are tested in the synthesis of α-οχο sulfines from silyl enol ethers. Chapter 
VI is devoted to the reaction of l-silyloxy-l.S-dienes with sulfinyl chlorides. In Chapter П some 
reactions of dihydrothiapyran S-oxides, prepared by the 4 + 2 cycloaddition reaction of sulfines with 
1,3-dienes, are reported. 
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C H A P T E R II 
SYNTHESIS OF SULFINES FROM DOUBLY-ACTIVATED METHYLENE 
COMPOUNDS AND THIONYL CHLORIDE 
2.1 INTRODUCTION 
Sulfines (thione 5-oxides) have been prepared by a variety of methods, including the 
dehydrochlonnation of sulfinyl chlorides, as outlined in the introductory chapter (section 1.2). A drawback 
of this synthetic method is the fact that suitable sulfinyl chlorides for obtaining functionalized sulfines are 
difficult to obtain. The possibility of preparing such sulfinyl chlorides from a reaction of active methylene 
compounds with thionyl chloride has frequendy been considered in the literature ^2. It is apparent from the 
review by Oka2 that the course of this reaction depends strongly on the nature of the starting material and 
reaction conditions. 
The reaction of methylene carbonyl compounds can proceed via O-sulfmylation or C-sulfmylation1 
(Scheme 2.1). O-Sulfinylation of carbonyl compounds can lead to gem-dichlorides or to 
α-monochloroketones. C-Suffinylation gives rise to β-οχο sulfinyl chlorides. It has been reported for a 
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steroidal fìve-membered ring ketone that a small excess of thionyl chloride gives C-sulfmylation whereas a 
large excess leads to O-sulfinylation1·3. A large excess of thionyl chloride should therefore be avoided 
when C-sulfmylation is desired. 
The first step in the preparation of sulfines from doubly-activated methylene compounds is the 
formation of oc-methine sulfinyl chlorides (Scheme 2.2). These unstable compounds undergo further 
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reaction depending on the reaction conditions and the type of substrate used. When an excess thionyl 
chloride is used a Pummercr-type reaction takes place, yielding ct-chlorosulfenyl chlorides (pathway B)1. 
The use of an equimolar amount of thionyl chloride seems to favor intra- and intermolecular dehydro-
chlorinations to give sulfines (pathway C) and / or sulfoxides (pathway D)1. These products can then 
undergo further reaction depending on the reaction conditions. Only a few examples of the isolation of 
sulfinyl chlorides or sulfines by the reaction of active methylene compounds with thionyl chloride have 
been reported. The remaining part of this section will deal with these examples. 
Compounds containing active methine groups, such as isopropyl ketones and secondary nitriles, 
give p-oxo sulfinyl chlorides and o-cyano sulfinyl chlorides, respectively, when treated with thionyl 
chloride1,2-4. These compounds are not suited for the synthesis of sulfines since the o-protons are lacking. 
Anthrone reacts with thionyl chloride to give a stable sulfinyl chloride (Scheme 2.3)5. No mention of 
attempts to prepare a sulfine from this sulfinyl chloride were made5. 
16 
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Reaction of 9-oxo-10-acridanacetic acid with an excess of thionyl chloride gives a stable sulfmyl 
chloride in good yield6. Subsequent treatment with methanol gives the unstable α-οχο sulfine shown in 
Scheme 2.4. 
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No α-cyano-phenylmethanesulfinyl chloride was obtained when phenylacetonitrile was treated 
with thionyl chloride, but cyano phenylsulfine was isolated in low yield, together with an olefin, a sulfenyl 
chloride, and some starting material (Scheme 2.5)*. The olefin is probably formed by a dimerization of the 
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sulfine, followed by elimination of sulfur dioxide and extrusion of sulfur from the thiirane, as outlined in 
Scheme 1.21 of the introductory chapter1 '^'.There are two possible reaction pathways that can explain the 
formation of a sulfenyl chloride from a methylene compound and thionyl chloride, viz. pathway В and 
pathway E (Scheme 2.2). The first one (B) involves a Pummerer-type rearrangement of the initially formed 
sulfmyl chloride1, whilst the second one (E) involves the electrophilic addition of thionyl chloride to the 
sulfine oxygen atom as the key-step7-9. This second pathway does not take place in the reaction shown in 
Scheme 2.5, because cyano phenylsulfine is stable toward thionyl chloride4. 
Black et al.10 obtain an α-οχο sulfine from the reaction of 4-methyl-4-nitro-l-phenylpentan-l-one 
with thionyl chloride in the presence of a catalytic amount of pyridine (Scheme 2.6). The authors assume 
that the formation of this sulfine proceeds well with unhindered γ-nitro ketones and it is suggested that this 
nitro group participates in the sulfine formation as is shown in Scheme 2.6 (neighboring group effect). 
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The reaction of 17p-acetoxy-5o-androstan-3-one hydrazones with thionyl chlonde gives the 
expected 1,2,3-thiadiazole when the tosyl- and foimylhydrazones aie used11. Under similar conditions the 
ethoxycarbonyl hydrazone affords a 1,2,3-thiadiazolyl sulfine (Scheme 2.7). Some ethoxycarbonyl 
hydrazones of cyclohexanone derivatives give a similar reacdon with thionyl chloride. The mechanism 
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proposed by the authors is depicted in Scheme 2.7. A key step in this reaction is a Pummerer-type reaction 
to yield the resonance-stabilized acyl thiadiazolium chloride. Subsequent deprotonation gives a vinyl 
sulfide which can undergo electrophilic attack by thionyl chloride. Loss of hydrogen chloride and ethyl 
chloroformate then gives the sulfine. 
Faull and Hull12 have claimed the conversion of ethyl 2-anilino-4-oxo-4,5-dihydrothiophen-3-
carboxylate into the corresponding α-οχο sulfíne on reaction with thionyl chloride, although the evidence 
for the sulfíne structure was not unambiguous (Scheme 2.8). The reaction was repeated by Lenz et α/.13 
and the formation of the sulfine was proved by X-ray diffraction analysis of its Diels-Alder adduct. 
Treatment of 3-oxo-2,3-dihydrobenzo-[£]thiophene with thionyl chloride yielded the corresponding 
sulfine13 (Scheme 2.8). 
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Barton et al.1* recently reported the synthesis of an α-οχο sulfine by the reaction of a cholanic acid 
derivative with thionyl chloride and pyridine, and subsequent quenching with methanol (Scheme 2.9). 
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It is apparent from the examples presented above, that the synthesis of sulfines by the reaction of an 
active methylene compound and thionyl chloride seems to be limited to sufficiendy active methylene 
compounds, when the α-methinesulfïnyl chloride undergoes T,2-dehydrochlorination faster than other 
reactions and when the sulfine is stable enough to be isolated or to be trapped. Acetophenone, for instance, 
fails to produce the corresponding sulfine upon treatment with thionyl chloride under various conditions15. 
19 
Instead, several products could be isolated probably resulting from a Pummerer-type reaction of the 
initially formed sulfinyl chlonde (Scheme 2.2 and 2.10)1. 
It was shown recently, that if the active enol form is consolidated as the silyl enol ether, the benzoyl 
sulfine can be prepared from this silyl enol ether and thionyl chlonde at a temperature at which the 
Pummerer-type reaction of the sulfinyl chlonde is suppressed and the sulfine is stable enough to be trapped 
(Scheme 2.10, see also Chapter III)16. 
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The aim of the research described in this chapter was to explore the synthesis of sulfines from a 
variety of doubly-activated methylene compounds. 
2.2 RESULTS AND DISCUSSION 
From the literature review presented in the preceding section it is clear that the expenmental 
conditions for the preparation of sulfines from acüve methylene compounds need to be carefully chosen to 
ensure success The sulfines denved from activated methylene compounds will be substituted with 
electron-withdrawing groups and probably cannot be isolated as such. For instance, the extreme sensitivity 
toward reductive hydrolysis (Chapter I, Scheme 1.10) should be noted, as it will make an aqueous work-up 
procedure impossible. Therefore, an efficient trapping reagent needs to be selected which can react with 
the sulfine, preferably ¡n situ. 2,3-Dimethyl-l,3-butadiene was chosen for this purpose since it reacts 
readily with a wide vanety of sulfines in a Diels-Alder type cycloaddition reaction, pamcularly when the 
sulfine cames electron-withdrawing substituents The active methylene compounds need to be sufficiently 
reactive toward thionyl chlonde, a reason to choose substrates with two activating electron-withdrawing 
groups. Addition of a suitable ternary amine base, such as 2,6-lutidine or tnethylamine, will facilitate this 
reaction with thionyl chlonde through the formation of the carbamon of the active methylene compound. 
In the sulfine forming step, 1 e. the dehydrochlonnation of the intermediate a-methmesulfinyl chlonde, this 
base may not be stnctly necessary in view of the high acidity of the methine proton flanked by three 
electron-withdrawing groups. Here the base will serve mainly as a HCl scavenger The use of one 
equivalent thionyl chlonde is recommendable in order to avoid unwanted side reactions, such as 
20 
O-sulfinylatìon, when carbonyl containing substrates are used {cf. section 2.1, Scheme 2.1), and further 
reaction of the initially formed a-methinesulfinyl chlorides (c/. Scheme 2.2, pathway B). Undesired side 
reactions can be circumvented by choosing the right order of addition of the respective reagents. Thus, by 
slowly adding the doubly-activated methylene compound to a solution containing thionyl chloride and 
trapping diene, the possibility of a bimolecular dehydrochlorination reaction {cf. Scheme 2.2, pathway D) 
will be minimized. The added active methylene compound will react preferably with the abundant thionyl 
chloride present and barely with the a-methinesulfinyl chloride which will already have mainly undergone 
dehydrochlorination to the corresponding sulfme. Other complicating factors may be reactions of the 
sulfine prior to the cycloaddition with the diene. Sulfmes can react with thionyl chloride to give 
o-chlorosulfenyl chlorides (cf. Scheme 2.2, pathway E). The sensitivity toward this reaction, however, 
depends strongly upon the sulfine substituents. Several sulfmes carrying electron-withdrawing groups, as 
in the present case, were reported to be stable toward thionyl chloride4·10,1 ^ 12. Reactions of sulflnes under 
consideration, which are probably strongly electrophilic, with the active methylene compounds need to be 
taken into account (cf. Scheme 2.2, pathway F). This reaction can be prevented by adding the 
doubly-activated methylene substrate to thionyl chloride, because the added methylene compound will 
react preferentially with the most reactive electrophile present, which is thionyl chloride, and not the 
sulfine. 
Not all active methylene compounds are equally sensitive to the addition procedure, but, in some 
cases dramatic effects were observed. A few examples are presented in Scheme 2.11. and Table 2.1. 
Table 2.1 Influence of the order of addition of methylene compound 1, 2,6-lutidine, diene and 
thionyl chloride on the formation of dihydrothiapyran 5-oxide 4 and oxathiole 6, 
respectively (see Scheme 2.11). 
methylene compound products 
no Method no yield (%) no yield (%) 
u 0Y^f0 
X 
Ph Ph 
A 
В 
A 
В 
С 
4a 
4a 
4b 
4b 
4b 
81 
-
85 
69 
6a 
6a 
6b 
6b 
6b 
-
92 
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Method A: methylene compound 1 and 2,6-lutidine added to thionyl chloride and diene. 
Method B: thionyl chloride added to methylene compound 1,2,6-lutidine and diene. 
Method C: thionyl chloride added to methylene compound 1 and 2,6-lutidine. 
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When dimedone la and 2,6-lutidine were added to a solution of thionyl chloride and trapping diene, 
the cycloadduct 4a of the initially formed α-οχο sulfine 3a was obtained as the only product (Table 2.1). 
When thionyl chloride was added to a solution of dimedone, 2,6-Iutidine and 2,3-dimethyl-l,3-butadiene 
no Diels-Alder adduct 4a was isolated, but oxathiole 6a was obtained instead. The structure of the 
alternative product appeared to be oxathiole 6a, and not phenothiocine 7, by comparing the melting point 
and 'H NMR spectrum with the literature data of 6a1 7·1 8 and by using " C NMR spectroscopy. The product 
6a was also obtained by Russian investigators using the same reaction; no detailed reaction mechanism for 
the formation of 6a was given, only sulfine 3a was proposed as an intermediate in this study18. 
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Dibenzoylmethane lb also gives an oxathiole upon reaction with thionyl chloride as described in 
the literature " . This reaction was confirmed by adding thionyl chloride to lb in the presence of 
2,6-lutidine (yield of oxathiole 6b: 21%). When the same reaction was performed in the presence of 
2,3-dimethyl-l,3-butadiene no trace 6b could be detected, and the Diels-Alder adduct of sulfine 3b, i.e. 4b, 
was the major product (69%). These results strongly suggest a sulfine as an intermediate in the formation 
of oxathiole 6b. In the literature1·19, the formation of oxathioles from ketones by treatment with thionyl 
chloride has been explained by a ring-expansion of thiiranes, formed in a dimerization reaction of sulfines, 
but, the evidence for this explanation is vague and speculative. An alternative rationale is depicted in 
Scheme 2.11. Reaction of sulfinyl chloride 2 or sulfine 3 with the active methylene compound 1 gives 
sulfoxide S (reaction D and F in Scheme 2.11, cf. pathway D and F in Scheme 2.2). Subsequent 
Pummerer-type rearrangement produces an a-chloro sulfenyl chloride, which then undergoes ring closure 
to give the oxathiole 6. A mechanism involving dimerization of the sulfine to an episulfide can be 
excluded because in the case of dimedone la formation of oxathiole 6a depends on the presence of 
nucleophilic dimedone in the reaction mixture (Table 2.1, Method A versus Method B). Since the 
formation of oxathiole 6b is strongly influenced by the addition of diene (Table 2.1, Method В versus 
Method C), the cycloaddition and formation of 6b are competitive reactions. Sulfine 3b therefore must be 
a precursor of 6b and reaction F in Scheme 2.11 is the pathway followed. 
A variety of doubly-activated methylene compounds was subjected to reaction with thionyl 
chloride in the presence of a tertiary amine base and 2,3-dimethyl-l,3-butadiene (Scheme 2.12). For 
optimum results it is recommended to add the active methylene compound to thionyl chloride (vide suprz). 
The results, which are compiled in Table 2.2, indicate that this generation in situ of sulfines and their 
subsequent trapping as diene adducts is quite successful. The base of choice is 2,6-lutidine except for the 
substrates lg and li where triethylamine was used. By using 2,6-lutidine no cycloadduct 4g and 4i could 
ni SOC-I2, СН2СЛ2 r\ 
R υ·ΐϊ4 ^ ^ \ ^s* A solution of base and methylene 
\ base ^ S ^ > ^ 
CH2 ., RI I compound is added to a solution 
R^ I / ^ ч / ^ ^ ^ of diene and thionyl chloride 
1 /4 R>
 4 
Scheme 2.12 
be isolated. The methylene group of these substrates is probably not sufficiently activated to give an 
efficient C-sulfinylation upon contact with thionyl chloride when 2,6-lutidine is used as the base. The 
stronger base triethylamine is therefore needed to give the desired reaction. The failure of phenylsulfenyl-
methanephosphonate Ij to give the corresponding sulfine cycloadduct 4j may also be attributed to 
insufficient activation of the methylene group. 
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Table 22 The synthesis of dihydrothiapyran S-oxides 4 according to Scheme 2.12. 
methylene compound reaction product* 
no. Rj R2 temp. (0C) no. yield (%) 
la X > 0 4a 81 
lb 
1c 
Id 
le 
If 
ig 
Ih 
li 
У 
Ik 
11 
lm 
In 
1 
Ph-C(O)-
Me-C(O)-
Me-C(O)-
EtOOC-
> 0 
/
 0 
Ph-C(O)-
Ph-C(O)-
EtOOC-
PhS-
PhSO
r 
NC-
NC-
NC-
0 
-C(0)-Ph 
-C(0)-Me 
-COOEt 
-COOEt 
О 
3 
0 
-SPh 
-S02Ph 
-P(0)(OEt)2 
-P(0)(OEt)2 
-P(0)(OEt)2 
-P(0)(OEt)2 
-COOEt 
- C - N 0 
-18 
0 
-18 
0 
0 
20 
-18 
20 
20 
0 
0 
0 
0 
4b 
4c 
4db 
4e 
85 
27 
48 
75 
4f quant 
4g 
4h 
4 і ь 
4j 
4kb 
41 
4m 
31' 
68 
92' 
_.C 
64 
75 
96 
4n 70 
lo NC- -CN 0 4o 92 
'2,6-Lutidine was used as base unless stated otherwise. Obtained as mixture of diastereomers. 
Triethylamine was used as base. 
The dihydropyran 5-oxides 4d, h, i and к derived from the unsymmetrically substituted methylene 
compounds Id, h, i and k, respectively, were obtained as a mixture of diastereomers. The 4+2 
cycloaddition of sulfines is a stereospecifìc process, implying that these diastereomers must arise from 
mixtures of E- and Z-sulfines. For the unsymmetrically substituted sulfínes 3g, I, m and η only one 
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(racemic) diastereomer of the corresponding cycloadducts 4g, I, m and n, respectively, was obtained. 
Apparently, these sulfines are produced as only one geometrical isomer. 
The geometry of the sulfine is determined during the dehydrochlorination reaction. Since there are 
three electron-withdrawing groups attached to the methine carbon atom of the intermediate 
α-methinesulfinyl chloride, the deprotonation will probably be a spontaneous, fast and reversible step. The 
elimination of a halide ion from this anion will be the rate determining step with a kinetic preference for 
the thermodynamically most stable sulfine isomer. The relative steric volume of Rj and R2 and 
electrostatic interactions of Rj and R2 with the sulfine oxygen in the îyn-position determine this preference 
(Scheme 2.13). In the case of substrates Id, h, i and к the geometrical isomers of the sulfine have a 
l R2 I 
c i 2 У α 
*. '
0
 И \ .A\ \ 
Scheme 2.lì 
comparable stability, as judged from an inspection of molecular models, and accordingly a mixture of 
diastereomers is obtained. For the sulfines 3g, 1, m and η there is a clear preference for one geometrical 
isomer, probably the Z-isomer for 3g and the Ε-isomer for 3I,m and n, respectively, because only one 
(racemic) diastereomer of the cycloadduct was obtained. 
A complicating factor may be a thermodynamic equilibration of the unsymmetrically substituted 
sulfines upon interaction with the tertiary amine base as shown in Scheme 2.14. This equilibration prior to 
О 
R2 
)—s
 v + / ^ л 
Ri 0 
/ 
:N — 
\ 
Rj 
\ 
1 
Rt 
v 
" 1 
Scheme 2.14 
the cycloaddition with the trapping diene plays a role, particularly when this cycloaddition is not fast 
enough. If this thermodynamic interconversion takes place in the cases of 3d, h, i and к cannot be 
established, but it is certainly not the only aspect that needs to be taken into account. 
The results described in this chapter clearly demonstrate that sulfines can readily be prepared from 
doubly-activated methylene compounds, they cannot be isolated as such, however, but need to be trapped 
by a suitable diene to produce dihydrothiapyran 5-oxides in good yields. 
2.3 EXPERIMENTAL SECTION 
IR spectra were recorded on a Perkin-Elmer 298 infrared spectrophotometer. 'H NMR spectra were 
25 
recorded on a Varian EM-390 spectrometer (Me4Si as internal standard). I3C NMR spectra were recorded 
on a Bruker AM-400 by Mr. A.E.M. Swolfs. Mass spectroscopy was performed on a double focussing 
VG7070 mass spectrometer by Mr. P. Weyers and Mr. M.M.M. Broekman. Elemental analyses were 
carried out by Mr. P.M. van Galen. 
Dichloromethane was distilled from P2O5. Thionyl chloride was distilled from triphenyl phosphite. 
o-(Phenylsulfenyl)acetophenone lg16, o-(phenylsulfonyl)acetophenone lh16, diethyl phenylsulfenyl-
methanephosphonate Ij21, diethyl phenylsulfonylmethanephosphonate Ik22, diethyl cyanomethane-
phosphonate ll23 and l-cyanoacetylmorpholine In24 were prepared as described in the indicated literature. 
General procedure for dihydrothiapyran 1-oxides 4 
To a stirred solution of thionyl chloride (0.3 ml, 4.2 mmol) and 2,3-dimethyl-l,3-butadiene (3-4 ml) in 
dichloromethane (20 ml) the active methylene compound (4.0 mmol) and base (8.5 mmol, see Table 2.2) 
in dichloromethane (5 ml) was added slowly and the reaction mixture was maintained for 2 h at the 
temperatures indicated in Table 2.2. The reaction mixture was washed twice with water and the washings 
were extracted twice with dichloromethane. The combined organic layers were dried (MgSC^) and 
concentrated. The resulting crude product was purified using flash column chromatography (silica gel, 
light petroleum / ethyl acetate) and crystallized from light petroleum / toluene. 
l,3-Dioxo-5¿-dimethyIcyclohexane-2-spiro-2'-3',6'-dihydro4'¿'-dimethyl-2'H-Mapyran 1'-oxide 4a 
Chromatographed with light petroleum / ethyl acetate 2:1 and crystallized from light petroleum / toluene. 
m.p. 810C (lit.16 m.p. 88 - 890C). The spectral data were in agreement with those reported in the 
literature16. 
2,2-Di(benzoyl)-3,6-dihydro-4£-dimethyl-2H-thiapyran 1-oxide 4b 
Chromatographed with light petroleum / ethyl acetate 4:1 and crystallized from light petroleum / toluene. 
m.p. 124 - 1250C. IR(KBr): 1675, 1645 crn^CO), 1050 crn^SO) . lH NMRiCDCy: δ 1.53 (s, ЗН, 
СНз-С=С), δ 1.64 (s, ЗН, СНз-С=С), δ 2.72 - 3.84 (m, 4H, CH2-C=C), δ 7.19 - 7.60 (m, 6H, arom), δ 7.70 
- 7.93 (m, 2H, arom), δ 7.96 - 8.20 (m, 2H, arom). Caled, for С2іН20Оз8 (252.398): С 71.58, H 5.72; 
found: С 71.50,71.51,71.86, H 5.66, 5.68, 5.68. 
22-Di(acetyl)-3,6-d¡hydro-4¿-dimethyl-2H-thiapyran 1-oxide 4c 
Chromatographed with light petroleum / ethyl acetate 2:3 to give an oil. IR(CC14): 1700 cm-1(C=0), 1050 
cm\S=0). 'H NMR(CDCl3): δ 1.70 (s, ЗН, СНз-С=С), δ 1.85 (s, ЗН, СНз-С=С), δ 2.19 (s, ЗН, 
СНз-С(О)), δ 2.46 (s, ЗН, СНз-С(О)), δ 2.50 - 3.67 (m, 4H, CH2-C=C). MS (CI) 229 (M++l). 
2-Acetyl-2-ethoxycarbonyl-3,6-dihydro-4¿-dimethyl-2H-thiapyran 1-oxide AA 
Chromatographed with light petroleum / ethyl acetate 2:1 to give pure diastereomeric oils. Diastereomer I 
(21%): IR(neat): 1720 cm1(C=0), 1052 c m ^ S ^ ) . •H NMRÍCDCl·,)^ 1.25 (t, ЗН. J 7.0 Hz, СЩ-Спд, 
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δ 1.70 (s, ЗН, СНз-С=С), δ 1.77 (s, ЗН, СНз-С=0, δ 2.43 (s, ЗН, СНз-С(О)), δ 2,45 - 3,70 (m, 4Н, 
СН2-С=С), δ 4.23 (q, 2Н, J 7.0 Hz. CHj-CHj). MS (El) m/e 258 (M+). Diastereomer Π (27%): IR(neat): 
1738, 1712 спгЧСО), 1055 crnHS^). 'Η КМК(СОС1з):6 1.30 (t, ЗН, J 7.0 Hz, CHj-CHj), δ 1.68 (s, 
ЗН, СНз-С=С), δ 1.79 (s, ЗН, СНз-С=С), δ 2.17 (s, ЗН, СНз-С(О)), δ 2.50 - 3.67 (m, 4Н, СН2-С=0, δ 
4.32 (q, 2Н, J 7.0 Hz, CHj-CHj). MS (El) m/e 258 (M+). 
22-Di(ethoxycarbonyI)-3,6-dihydro-4$-dimethyl-2H-thiapyran 1-oxídete 
Chromatographed with light petroleum / ethyl acetate 2:3 to give an oil. The spectral data were in 
agreement with those reported in the literature16. 
2,2-Dimethyl-4,6-dioxo-l ,3-dioxane-2-spiro-2'-3' ,6'-dihydro-4' ¿' -dimethyl-2'H-thiapyran Г -oxide 4f. 
The crude product was an oil with a purity of more than 95%. Further purification was not possible. 
ЩСНСІз): 1770, 1735 ст 'ЧСО), 1070 c m ^ S O ) . Ή NMRÍCDCl·,): δ 1.72 (s, ЗН, СНз-С=С), δ 1.78 
(s, 6Н, CHj-C-), δ 1.83 (s, ЗН, СНз-С=С), δ 2.67 - 4.30 (m, 4Н, CH
r
C=C). MS (CI) m/e 273 (M++l). 
2-Benzoyl-2-phenylsulfenyl-3,6-dihydro-4J-dimethyl-2H-thiapyran 1-oxide 4g 
Chromatographed with light petroleum / ethyl acetate 1:1 and crystallized from light petroleum / toluene. 
m.p. 1130C (lit.16 m.p. 1160C). The spectral data were in agreement with those reported in the literature16. 
2-Benzoyl-2-phenylsulfonyl-3,6-dihydro-4¿-dimethyl-2H-thiapyran 1-oxide 4h 
Chromatographed with light petroleum / ethyl acetate 3:7 to give an oil that contained a mixture of 
diastereomers. The spectral data were in agreement with those reported in the literature16. 
2-Diethoxyphosphoryl-2-ethoxycarbonyl-3,6-dihydro-4J-dimethyl-2H-thiapyran 1-oxide 4i. 
Chromatographed with ethyl acetate to give an oil that contained a mixture of diastereomeric compounds. 
IR(neat): 1727 с т Ч С ^ ) , 1255 cm"1 (P=0), 1040 cm^SHD, C-O-P). 'H КМК(СТ)С1з):6 1.10 - 1.51 (m, 
9H, СНз-СН2), δ 1.67 - 1.91 (m, 6H, СНз-С=С), δ 2.20 - 3.88 (m, 4H, CH2-C=C), δ 3.97 - 4.48 (m, 6H, 
СНз-СН2). MS (ΕΙ) m/e 352 (Μ+). 
2-Diethoxyphosphoryl-2-phenylsulfonyl-3,6-dihydro-4£-dimethyl-2H-thiapyran 1 -oxide 4k. 
Chromatographed with light petroleum / ethyl acetate 1:3 to give pure diastereomeric oils. Diastereomer I 
(21%): ЩССІд): 1328, 1150 cmHSO^, 1255 c m ^ ^ ) , 1040 c m k S ^ , P-O-C). •н КМК(СОС1з):6 
1.37 (t, 6H, J 7.0 Hz, СНз-СН2), δ 1.72 (s, 6Η, СНз-С=С), δ 2.40 - 4.00 (m, 4Н, СН2-С=С)) δ 4.00 - 4.46 
(m, 4Н, СНз-СН2), 7.40 - 7.74 (m, ЗН, arom), 7.97 - 8.19 (m, 2H, arem). MS (El) m/e 279 (Μ+ - S02Ph). 
Diastereomer Π (43%): IR(CC14): 1328, 1152 cnvHSCy, 1265 cm^fP^), 1050 c m ^ S O ) , 1022 
cm'íP-O-C). Ή NMR(CDCl3):6 1.10 - 1.39 (m, 6H, СНз-СН2), δ 1.83 (s, 6H, СНз-С=С), δ 2.58 - 3.62 
(т. ЗН, CH2-C=C), δ 3.91 - 4.36 (m, 5H, СНз-СН2 and S-CH-C=C), 7.41 - 7.74 (m, ЗН, arom), 8.01 -
8.21 (m, 2H, arom). MS (El) m/e 279 (Μ+ - S02Ph). 
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2-Cyano-2-diethoxyphosphoryl-3,6-dihydro-4\S-dimethyl-2H-thiapyran 1-oxide 41. 
Chromatographed with light petroleum / ethyl acetate 1:1 and crystallized from light petroleum / toluene. 
m.p. 56 - 580C. IR(KBr): 2220 cnrHCN), 1263 cm 1 (P=0), 1048 cnrUSO), 1023 cm^C-O-P). Ή 
ММК(СОС1з):6 1.35 - 1.47 (m, 6H, / 7.5 Hz and J 2.0 Hz, CHj-CH^, δ 1.73 (s, ЗН, СНз-С=С), δ 1.78 (s, 
ЗН, СНз-С=С), δ 2.82 (d, 2H, / 6.0 Hz, C-CH
r
C=C), δ 3.70 (s, 2H, S-CH2-C=C), δ 4.15 - 4.58 (m, 4H, 
CH3-CH2). MS (El) m/e 306 (M+). Caled, for C12H20NO4PS (305.335): С 47.21, H 6.60, N 4.59; found: С 
47.15,47.25,47.71, H 6.57,6.61,6.65. N 4.53,4.50,4.55. 
2-Cyano-2-ethoxycarbonyl-3,6-dihydro-4l5-dimethyl-2H-thiapyran 1-oxide 4m 
Chromatographed with light petroleum / ethyl acetate 2:1 and crystallized from light petroleum / toluene. 
m.p. 950C. IR(KBr): 2240 стЧСК), 1725 c m ^ C O ) . 1020 cm^SMD). Ή КМК(СОСІз):6 1.35 (t, ЗН, J 
7.0 Hz, CH3-CH2), δ 1.74 (s, 6H, СНз-С=С), δ 2.86 (s, 2H, C=C-CH2-C), δ 3.68 (s, 2H, S(0)-CH2-C=C), 
δ 4.34 (q, 2H, J 7.0 Hz, СНз-СН2). Caled, for CnHuNOjS (241.311): С 54.75, H 6.27, Ν 5.80; found: С 
54.64, 54.97,54.92, Η 6.32,6.38, 6.29, Ν 5.73, 5.80,5.77. 
2-Cyano-2-morpholinocarbonyl-3,6-dihydro-4¿-dimethyl-2H-thiapyran 1 -oxide 4n 
Chromatographed with light petroleum / ethyl acetate 1:3 and crystallized from ethyl acetate / toluene. 
m.p. 140 - 1420C. IR(KBr): 2225cm-1(CN), I66O спгЧСО), 1070 c m ^ S O ) . Ή NMRtCDCl·,): δ 1.80 
(s, 6H, СНз-С=С), δ 2.86 and 2.95(ABq, 2H, J 18.0 Hz, C=C-CH2-C), δ 3.75 (s, ЮН, S(0)-CH2-C=C and 
morpholino CHj). MS (El) m/e 382 (M+). Caled, for С18Н18К2Оз5 (282.364): С 55.30, Η 6.43, Ν 9.92; 
found: С 55.58 Η 6.48 Ν 9.77. 
2,2-Dicyano-3,6-dihydro-4¿-dimethyl-2H-thiapyran 1-oxide 4ο. 
Chromatographed with light petroleum / ethyl acetate 1:1 and crystallized from light petroleum / toluene. 
m.p. 810C. IR(KBr): 2240 cnrHCN), 1070 cm'^SO). 'H КМК(СОСІз): δ 1.80 (s, 6H, СНз-С=С), δ 2.87 
and 3.07 (ABq, 2H, J 17.0 Hz, C=C-CH2-C), δ 3.55 and 3.81 (ABq, 2H, J 17.0 Hz, S(0)-CH2-C). Caled. 
for C^HJQNÎOS (194.257): С 55.65, H 5.19, Ν 14.42; found: С 55.64, 55.78, 55.80, Η 5.21, 5.23, 5.26, Ν 
14.37,14.33,14.31. 
6,6-Dimethy l-4-oxo-4^,6,7-tetrahydro-l J-benzoxathiole-2-spiro-2'-Γ,3'-dioxo-S'\5''-
dimethylcyclohexane 6a. 
Thionyl chloride (0.3 ml, 4.2 mmol) in dichloromethane (5 ml) was slowly added to a cooled (OX) stirred 
solution of dimedone la (0.56 g, 4.0 mmol), 2,6-lutidine (1 ml, 8.5 mmol) and 2,3-dimethyl-l,3-butadiene 
(3-4 ml) in dichloromethane (20 ml). After 2 h the reaction mixture was washed twice with water and the 
washings were extracted twice with dichloromethane. The combined organic layers were dried (MgSO,,) 
and concentrated. The resulting crude product was purified using flash column chromatography (silica gel, 
light petroleum / ethyl acetate 2:1) and recrystallized from light petroleum / toluene. m.p.l840C flit17. 176 
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- 1780C). The spectral data were in agreement with those reponed in the literature17. 
22,4-tribenzoyl-5-phenyl-] ,3-oxathiole 6b. 
The procedure given for 6a was followed but no 2,3-dimethyl-l,3-butadiene was added. Starting from 
dibenzoylmethane lb (0.90 g, 4.0 mmol) 0.20 g (21%) of 6b was obtained after flash column 
chromatography (silica gel, light petroleum / ethyl acetate 5:1) and recrystallization (light petroleum / 
toluene). m.p.l950C Git·19* 195 - 1960C). The spectral data, were in agreement with those reported in the 
literature19. 
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С Η Α Ρ Τ E R III 
SYNTHESIS OF o-OXO SULFINES FROM TRIMETHYLSILYL ENOL ETHERS 
AND THIONYL CHLORIDE 
3.1 imRODUCTION 
In the preceding chapter the preparation in situ of sulfines by the reaction of doubly-activated 
methylene compounds with thionyl chloride was described. Less-actìvated methylene compounds give 
only modest yields of sulfine or fail to produce any sulfine. The first step in the formation of sulfines from 
e.g. active methylene ketones is the C-sulfinylation to give β-οχο sulfinyl chlorides. In this process the 
enol content of the methylene ketone is of utmost importance. By converting methylene ketones into the 
corresponding silyl enol ethers, this enol is in fact consolidated. Reaction of silyl enol ethers with thionyl 
chloride is therefore a potential alternative for the preparation of β-οχο sulfinyl chlorides and accordingly 
for the synthesis of α-οχο sulfines. 
Sergeev et al.1 treated 2-methyl-l-trimethylsilyloxy-l-propene derivatives with several sulfinyl 
chlorides, including thionyl chloride. In this case the β-οχο sulfinyl chloride could be isolated for the 
obvious reason that elimination of hydrogen chloride is not possible (Scheme 3.1). 
О 
Me 
SOCl2 
ОЗіМез 
• Me,SiCl Me 
/ 
CI 
s=o 
R= OEt, OSiMej, Ph 
Scheme 3.1 
Previously Lenz et a/.2·3·4 showed that several silyl enol ethers on treatment with thionyl chloride 
produced α-οχο sulfines in a fast reaction (Scheme 3.2). These α-οχο sulfines could be isolated if they 
OSiMej 
СГ ^ O 
Scheme 32 
crystallized out from the reaction mixture2·3. In other cases α-οχο sulfines have been trapped by a 
cycloaddition reaction with 2,3-dimethyl-l)3-butadiene
2
·
3
·
4
·
5
. The isolation of these α-οχο sulfines using 
an aqueous work-up procedure was not possible because their facile reductive hydrolysis to starting 
carbonyl compound takes place upon contact with water. The addition of a HCl scavenger, preferably 
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2,6-lutidine, was necessary in practically all cases2,3·4·5. Although the reaction of silyl enol ethers with 
thionyl chloride is a facile method for the preparation of α-οχο sulfines, its scope still needs to be 
established and the experimental conditions further elaborated. These aspects are treated in this chapter. 
3.2 RESULTS AND DISCUSSION 
The first step in the reaction of silyl enol ether 1 with thionyl chloride is the nucleophilic attack of 
silyl enol ether 1 on thionyl chloride to give a P-oxo sulfinyl chloride 2. This reactive compound undergoes 
dehydrochlorínation to give the o-oxo sulfine 32·3. Since silyl enol ethers 1 also react with various sulfinyl 
chlorides1·6, there is the potential danger that the silyl enol ether 1 will react with the intermediate β-οχο 
sulfinyl chloride 2 to give a β,β'-dioxo sulfoxide 4, as shown in Scheme 3.3. This side reaction to give 4 
О 
base 
OSiMe, 
Η SOCI, 
MejSiCl -*- R 
CI' 
HCl 
OSiMej 
Η 
-+- R 
MejSiCl 
О 
II 
S 
R2 н н R. 
Scheme 3.3 
will be most favored when thionyl chloride is added to a solution of silyl enol ether 1. The sulfinyl chloride 
2 is then formed in the presence of an excess of silyl enol ether 1. 
05іМез 
H SOC12(0.5 eq.) 
1 
CH2C12, QPC H H 
4 
Scheme 3.4 
When the β,β'-dioxo sulfoxide 4 was desired as the product, the best result was obtained by adding 
0.5 equivalent of thionyl chloride to a solution of silyl enol ether 1 in the absence of base (Scheme 3.4). 
The results of this reaction, collated in Table 3.1, show that silylenol ethers derived from estere (substrates 
la and lb) and ал amide (1c) give the products in good to moderate yields. In contrast, substrates derived 
from ketones (Id-g) did not produce any 4. In these cases only large amounts of ketones, arising from the 
hydrolysis of the corresponding silyl enol ethers or α-οχο sulfines, were isolated. 
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Table 3.1 Synthesis of β,β'-dioxo sulfoxide 4 by the addition of 0.5 equivalent of thionyl chloride to 
silyl enol ether 1, according to Scheme 3.4. 
no. 
la 
lb 
1c 
Id 
le 
silyl enol ether 1 
Ri 
MeO 
MeO 
ΜβΐΝ 
Et 
Me 
R2 
Ph 
Me 
Et 
Me 
Ph 
β,β·-
no. 
4a 
4b 
4c 
4d 
4e 
dioxo sulfoxide 4 
yield (%) 
70 
74 
18 
0 
0 
ОЗіМез 
If r^W. 4Г 
ΐε ГГ ^ Г ^ *g 
This difference in behavior between ester and ketone-derived silyl enol ethers may be explained by 
comparing the acidity of the methine proton in the intermediate sulfinyl chlorides 2, which is predestined 
to take part in HCl elimination reaction. The acidity of that proton in the intermediates 2a-c will be lower 
than that in 2d-g since the α-proton of an ester (or amide) is less acidic than that of a ketone7. 
Consequently, the HCl elimination from the ester (aniide)-derived intermediates 2a-c will be less facile 
than for the ketone-derived species 2d-g. The competing reaction, i.e. the formation of compounds 4 is 
also less likely for the last-mentioned set of intermediates 2. A second aspect that has to be taken into 
consideration is the reactivity (nucleophilicity) of the different types of silyl enol ethers. It has been shown 
that silyl ketene acetáis are more reactive than the ketone-derived silyl enol ethers in reactions with 
electrophiles8. Therefore, the substrates la-b, which are ketene acetáis, are probably more reactive towards 
the intermediate sulfinyl chlorides 2 than the ketone-derived silyl enol ethers Id-g. Both effects point in 
the same direction, namely a higher probability for the formation of the unwanted compounds 4 for ester 
derived silyl enol ethers than for ketone-derived substrates. 
The formation of β,β'-dioxo sulfoxide 4 can in principle be suppressed by adding silyl enol ether 1 
to a solution of thionyl chloride. In this manner there is a low concentration of β-οχο sulfinyl chloride 2 in 
the reaction mixture. The added silyl enol ether 1 will react with the abundant thionyl chloride and hardly 
with ß-oxo sulfinyl chloride 2. In this manner the highest yield of intermediate product 2 will be ensured 
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and consequently that of the α-οχο sulfine as well. 
Another potential danger is that thionyl chloride reacts with the α-οχο sulfine formed. Reactions of 
sulñnes with thionyl chloride have been encountered (see Chapter I, Scheme 1.19)9'10. Alkylsulfines for 
example give a-chlorosulfenyl chlorides, but sulfines bearing electron-withdrawing substituents have been 
reported to be unreactive in this respect11. 
The influence of the order of addition of the reactants was investigated for l-methoxy-2-phenyl-l-
trimethylsilyloxyethene la as the substrate (Scheme 3.S). α-Οχο sulfine 3a does not crystallize from the 
OSiMej Ο Ο Ο 0 
„ SOCl2,CH2Cl2 
МеО' - Г w - V MeO- ^ > Г ^ОМе + M e 0 X base, Ph ^ \ Ph "Η Η 'Ph Л с ^ 
la 4a 
Scheme 35 
reaction mixture and could not be isolated using an aqueous work-up procedure due to its sensitivity 
toward reductive hydrolysis. Sulfine 3a was therefore converted in situ into its cycloadduct with 
2,3-dimethyl-1,3-butadiene. 
Table 32 Influence of the order of addition of silyl enol ether la, base and thionyl chloride on the 
formation of β,β'-dioxo sulfoxide 4a and dihydrothiapyran S-oxide 5a, respectively (see 
Scheme 3.5). 
base 
2,6-lutidine 
Et3N 
2,6-lutidine 
Et3N 
2,6-lutidine 
2,6-lutidine 
2,6-lutidine 
Et3N 
temp (0C) 
0 
0 
0 
0 
-30 
-15 
0 
0 
method 
A 
A 
В 
В 
С 
С 
С 
С 
yield of 4а (%) 
23 
17 
9 
0 
16 
15 
14 
28 
yield of 5а (%) 
37 
72 
49 
87 
25 
36 
40 
36 
Method A: thionyl chloride was added to silyl enol ether_la, base and diene. 
Method B: silyl enol ether la and base were added to thionyl chloride and diene. 
Method C: silyl enol ether la was added to thionyl chloride, base and diene. 
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The results, which arc listed in Table 3.2, show clearly that method В is the method of choice. It is 
essential to add the silyl enol ether and base to thionyl chloride and diene (compare method В with C). 
Moreover, the type of base used has a considerable influence. With this substrate la the best results are 
obtained with triethylamine. In method В the effect of the base is least. For method С the amine base used 
may react with thionyl chloride and cause some complications12,13. Method В in which the silyl enol ether 
is added to thionyl chloride, and not the reverse, probably has an additional advantage. During the reaction 
of thionyl chloride and silyl enol ether hydrogen chloride is released, which can also react with silyl enol 
ether 1 and may cause unwanted consumption of the substrate 1. This possibility can be minimized by 
adding silyl enol ether together with the base, which serves as the HCl scavenger, to thionyl chloride. The 
effect of the temperature on the yield of cycloadduct Sa is also apparent, as also was noticed by Lenz3·4,5. 
A general guideline for the selection of the most suitable temperature cannot be given. 
From the discussion presented above the conclusion is justified that method В is the optimal 
procedure for the preparation in situ of o-oxo sulfines 3, i.e. silyl enol ether together with base are added to 
thionyl chloride and the trapping diene (Scheme 3.6). It should be noted however that the preparation of 
ct-oxo sulfines from ketone-derived silyl enol ethers is not very sensitive to the order of addition. 
OSiMej 
L H _ J > o a ^ 
κ
ι Τ base 
R2 CH2C12 
1 
not isolated 
Silyl enol ether 1 added to thionyl chloride 
base: for ester derived substrates triethylamine is used 
for ketone derived substrates 2,6-lutidine is used 
Scheme 3.6 
Triethylamine is preferred to 2,6-lutidine for ester-derived substrates, but for ketone-derived silyl enol 
ethers the choice of base is less critical. With ester-derived silyl enol ethers the intermediate sulfmyl 
chloride 2 needs the assistance of a sufficiently strong base (triethylamine), whereas for ketone-derived 
substrates the HCl elimination probably takes place spontaneously with the base, i.e. 2,6-lutidine, merely 
serving as an HCl scavenger. This difference in behavior finds its origin in the differences in acidity of the 
protons to be removed in the sulfine forming step (see discussion regarding Scheme 3.4 and Table 3.1). 
•o 
•*• RÍ 
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Table 3.3 The synthesis of dihydrothiapyran S-oxides S by the addition of silyl enol ethers 1 to 
thionyl chloride according to Scheme 3.6. 
silyl enol ether 
no. 
la 
lb 
1c 
Id 
le 
If 
16 
Ih 
l i 
ij 
Ik 
11 
l m 
In 
l o 
lp 
Iq 
Ri R2 
MeO Ph 
MeO Me 
Me2N Et 
Et Me 
Me Ph 
OSiMej 
Λ 
OSiMej 
Co 
ОЗіМез 
00 
ι ОЗіМез 
-XX 
Н2С=СН Me 
Н2С=СН Η 
Ph Η 
С_Уо Ph 
base' 
EtjN 
EtjN 
EtjN 
2,6-lutidine 
2,6-lutidine 
2,6-lutidine 
2,6-lutidine 
2,6-lutidine 
2,6-lutidine 
2,6-lutidine 
2,6-lutidine 
2,6-lutidine 
Et3N 
* OSiMe3 
ЕЮ — ( Et3N 
08іМез 
ι A 
Me COOEt 
H Ph 
2,6-lutidine 
2,6-lutidine 
2,6-lutidine 
reaction 
temp (0C) 
0 
0 
20 
0 
0 
0 
0 
0 
-20 — 20 
0 — 20 
0 — 20 
-78 
-20 — 20 
0 
0 
20 
0 — 20 
time (h) 
2.5 
2.5 
2.0 
2.5 
2.5 
1.5 
0.5 
2.0 
4.0 
5.0 
2.5 
0.5 
4.0 
2.0 
0.8 
4.0 
14.0 
no. 
5a 
5b 
5c 
5d 
5e 
5f 
5g 
5h 
5І 
5j 
5k 
51 
5m 
5nl* 
5o 
5p 
5q 
products 
yield (%) lil 
87 
45 
0 
Зв' 
7 2 d 
76 
85 
75 
65 
52 е 
48 f 
84 f 
99 
79 
92 
0 
14 
:.
b(%) 
59 
34 
75 
66 
84 
68 
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Continuation of Table 3.3. 
"Triethylaimne was used as base for the reaction of silyl enol ethers derived from esters; 
2,6-lutidine was used as base for the reaction of silyl enol ethers derived from ketones. bReferences 
2, 3 and 4. The addition of thionyl chloride to the silyl enol ether, base and diene gave a 59% 
yield. "Obtained as a mixture of diastereomers. 'Also 28% of 5jl (Scheme 3.7). fEpimerization 
during isolation. SThe silyl ether was hydrolyzed during the work-up procedure, giving the 
corresponding alcohol SnI. 
A series of silyl enol ethers, including several that had been investigated previously by Lenz et 
a¡ 2,3,4 usjng (hg earlier procedure of adding thionyl chloride to silyl enol ether, were subjected to the these 
optimal experimental conditions. The results, which are collected in Table 3.3, reveal clearly the generality 
of the reaction. The amide derived silyl enol ether 1c did not produce adduct 5c, probably because the 
dehydrochlorination did not take place. Substrate 1c does react with thionyl chloride (see Table 3.2) and 
also with benzenesulfmyl chlorides (Ν,Ν-dimethyl 2-phenylsulfmylbutyrylamide 6c is produced in 77% 
yield), implying that the cause is not a lack of reactivity of the starting material. 
In the case of substrate Ij derived from ethyl vinyl ketone the cycloadduct 5j formed also 
undergoes a cycloaddition to give compound 5jl (Scheme 3.7) as a by-product. 
Scheme 3.7 
It should be noted that the cycloadduct So has also been obtained by direct treatment of dimedone 
with thionyl chloride (Chapter II, Scheme 2.11 and Table 2.1). The modified procedure presented here 
gives a much better yield than that reported previously. 
Substrate lp derived from ethyl acetoacetate, at first sight surprisingly, showed no reactivity 
toward thionyl chloride. The silyl enol ether lp was recovered almost quantitatively after work-up. The 
conjugation of the silylated enol with the ethoxycarbonyl is probably responsible for this nonreactivity. It 
is noteworthy that direct treatment of ethyl acetoacetate with thionyl chloride in the presence of 
2,6-lutidine and 2,3-dimethyl-l,3-butadiene produces the cycloadduct 5p (48%, see Chapter II, Table 2.2) 
The low yield in the case of silyl enol ether Iq is probably due to the instability of the resulting 
aldehyde. 
The stereochemical course of the generation in situ of α-οχο sulfines and subsequent entrapment 
reaction with 2,3-dimethyl-l,3-butadiene deserves detailed comment. It is well documented that the 
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Diels-Alder reaction of sulfines is a stereospecific process (see Chapter I, Scheme 1.22). Consequently, 
when only one geometrical isomer of an α-οχο sulfine is formed, the cycloaddinon will lead to one 
(racemic) diastereomer of the cycloadduct in which the stereochemical relationship present in the sulfine is 
retained. The following aspects have to be considered in the present case of o-oxo sulfines: ι. does the 
formation of the α-οχο sulfine take place with a geometrical preference; 11. is there geometrical 
isomerization of α-οχο sulfines prior to cycloaddition possible; ш. is epimenzation of the cycloadduct 
feasible? 
The geometry of α-οχο sulfine 3 is determined during the dehydrochlorination of β-οχο sulfinyl 
chloride 2. The mechanism of this elimination is probably an Elcb or Elcb-like process, because the 
intermediate carbanion, obtained by deprotonation of the β-οχο sulfinyl chloride, will be efficiently 
stabilized by the adjacent carbonyl and sulfinyl function. The rate-determining step will be the formation 
of the sulfine bond with concomitant departure of the chloride ion (Scheme 3.8). The nature of the 
transition state probably is product-like and the relative thermodynamic stability of the geometrical 
isomers of the α-οχο sulfine, will therefore be reflected in the ratio of isomeric sulfines. According to the 
t.1 
^ R' 
rate-de terming 
step 
E-isomer 
Scheme 3.8 
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Curtin-Hammett principle the diastereomenc ratio of the p-oxo sulfmyl chlondes has no influence on the 
ratio of the geometrical isomers of the sulfines The thermodynamic stability of the sulfine isomers will be 
governed by the stenc volume of the substituents RCO and R' (Scheme 3 8) and by the electrostatic 
repulsion of the sulfine oxygen and the syn positioned substituent In consequence, in most cases the 
Ε α-οχο sulfine will be formed with kinetic preference (sulfine oxygen and the RCO substituent in ann 
position) 
Geometrical interconversion is, in principle at least, possible on interaction with the tertiary amine 
base, as is illustrated in Scheme 3 9 Whether this isomer equilibration plays a role in the present case 
R· υ R' X R' 
Scheme 3 9 
cannot be established with certainty, but nor can it be excluded If the cycloaddition with the trapping 
diene is relatively slow, then the chances of isomer interconversion increase 
The epimenzation of the cycloadducts S is feasible only for adducts denved from monosubstituted 
sulfines, ζ e in the present case the α oxo sulfines Ik and 1 As will be discussed below this phenomenon 
will be encountered dunng the chromatographic purification of the cycloadducts 5k and 1 
Only one (racemic) diastereomer of the cycloadduct was obtained for most of the substrates 
presented in Table 3 3 It should be noted however that the spectroscopic analysis of the products in some 
cases are not entirely unambiguous A chemical modification was of assistance in the following case The 
cycloadduct Sa was converted into the corresponding aldehyde Sql on reduction with aluminum hydride 
(alcohol 5r was a minor by-product)(Scheme 3 10) Interestingly, aldehyde 5q was also prepared from 
Sa 73% Sql 12% Sr 
Scheme 3 10 
formyl phenylsulfine 3q Companson of these products from these respective sources revealed that two 
diastereomers were obtained Unfortunately, the spectral characteristics (aldehyde proton Sq δ 9 74 ppm 
and Sql δ 9 60 ppm) do not permit the assignment of the relative configuration of both diastereomers 
Probably, the E-configuration must be assigned to sulfine 3a and consequently the formyl phenylsulfine 3q 
must have the Z-geometry (Figure 3 1) These results indicate that in the formation of sulfine 3a the 
ethoxycarbonyl substituent exerts the largest stenc and electronic effect leading to the kinetically preferred 
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о 
MeO 
Ph 
^ 
О 
H 
Ph 
o-
3q-Z 3a-£ 
Figure 3.1 
£-geometry, whereas in the case of formylsulfine 3q the phenyl group is predominant in governing the 
preference of the geometry. 
Trapping of sulfine 3e generated in situ, gives two diastereomeis 5e (in the ratio of 11 : 1), which 
could be separated by careful column chromatography. Again the relative configuration of the 
diastereomers could not be assigned. Assuming that the geometrical preference is determined by the same 
factors as discussed above for sulfine 3a, the major diastereomer of cycloadduct 5e is derived from the 
£-isomer of sulfine 3e. 
The cycloadduct Sf was deoxygenated to the corresponding sulfide 7f using trifluoroacetic 
anhydride and sodium iodide in actone14. Reoxidation of 7f gave a mixture of cycloadduct 5f and its 
diastereomer 5П (Scheme 3.11). These diastereomers could be separated using column chromatography. 
The relative configuration could not be assigned, but Sf is most likely the cycloadduct of the £-sulfine. 
ΓΎ
0 
,ci2 \ X T || 
С 97% „ • î · 8 ^ / ^ 
7f 
mixture of diastereomers 
Sf : 5П = 2 : 1 
one diastereomer 
5Г 
Scheme 3.11 
The geometry of cycloadducts 5k and 51 can be deduced from the chemical shift and the coupling 
constants of the protons at C-2 and C-3 (Scheme 3.12). This was previously done by Lenz and 
3k R = CH=CH2 5kR = CH=CH2 
31 R = Ph 51 R = Ph 
Scheme 3.12 
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coworkers3,4. They isolated both diastereomers of 51 and assigned their structures. In the present case both 
Sk and 51 were obtained initially as a single (racemic) diastereomer, probably derived from the 
corresponding E-suIfines (carbonyl substituent anti to the sulfoxide oxygen atom), but, on purification by 
chromatography on silica gel gave in both cases a mixture of anti and syn isomers of the adducts 5k and I. 
Clearly an epimerization at C-2 of the cycloadduct had taken place under the conditions of 
chromatography (Scheme 3.12). 
For the sake of comparison the reaction of silyl enethiol ethers 8, the sulfur analogs of süyl enol 
ethers 1, with thionyl chloride was also explored. Few reports concerning silyl enethiol ethers have 
appeared in the literature, unlike silyl enol ethers 1. Silyl enethiol ethers can generally be prepared by 
reaction of thiones with lithium dusopropylamine (LOA) and subsequent reaction of the lithium 
enethiolates with trimethylsilyl chloride at sulfur15. The nucleophilicity of silyl enethiol ether 8 towards 
arenesulfinyl chlorides was tested first. This reaction proceeded smoothly at -780C to give ß-thioxo 
sulfoxides 9 in moderate yields (Scheme 3.13),which were probably due to substantial losses during 
column chromatography. 
SSiMej 
MeS 
H 
Me 
'CI СНгСІ; 
-780C 
MeS 
8 
Scheme 3.13 
An impure product was isolated when a solution of thionyl chloride, 2,6-lutidine and 
2,3-dimethyl-l,3-butadiene was treated with silyl enethiol ether 8, using the optimal conditions for the 
preparation of α-οχο sulfines from silyl enol ethers (Scheme 3.14). This product contained cycloadduct 10 
since it had a sulfoxide function (IR), gave the expected absorptions in the NMR-spectrum and gave the 
correct mass of the parent ion. However, compound 10 could not be obtained pure. The use of 
triethylamine as base showed no improvement. 
SSiMe3 
MeS 
Scheme 3.14 
SOCl2) СН2СІ2 
2,6-lutidine 
.-гск: 
MeS 
yield: 17% 
purity: 80% 
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The results presented in this chapter demonstrate that the reaction of silyl enol ethers and thionyl 
chloride under appropiate conditions is a general route to the formation m situ of α-οχο sulfines which can 
be trapped effectively using a 4+2 cycloaddition with 2,3-dimethyl-l,3-butacliene 
3 3 EXPERIMENTAL SECTION 
IR spectra were recorded on a Perkin-Elmer 298 infrared spectrophotometer 'H NMR spectra were 
recorded on a Vanan EM-390 spectrometer (Me4Si as internal standard) 13C NMR spectra were recorded 
on a Bruker AM-400 by Mr Α Ε M Swolfs Mass spectroscopy was performed on a double focussing 
VG7070 mass spectrometer by Mr Ρ Weyers and Mr МММ Broekman Elemental analyses were 
performed by Mr Ρ M van Galen 
Dichloromethane was distilled from P2O5, tetrahydrofuran (THF) from L1AIH4, diethyl ether from CaH2 
and thionyl chloride from tnphenyl phosphite All reactions in which carbamons were used, were earned 
out under argon The tnmethylsilyl enol ethers of methyl phenylacetate16, methyl propionate16, 
Ν,Ν-dimetylbuturyl amide17, 3-pemanone18, phenylacetone18, cyclohexanone18, 1-indanone18, 
α tetralone16, l-penten-3-one19, 3-buten-2-one20, acetophenone21, ethyl 3 hydroxybutyrate22, dimedone23, 
ethyl acetoacetate23, phenylacetaldehyde24 and methyl propanedlthloate1, were prepared as desenbed m 
the indicated literature 
(R) 6-Isopropylidene-3-methyl I-trunethylsdyloxy I-cyclohexene li 
The procedure for the synthesis of silyl enol ethers given in the literature was followed16 In this case the 
lithium enolate was prepared at 0oC bp 50°«:/05 mmHg Yield 79% IR(neat) 1680 cm 1 (C=C-0) •H 
NMR(CCl4) 6 015 (s, 9H, CH3S1), δ 0 90 - 2 67 (m, 5H), δ 0 95 (d, ЗН, CH3-CH), δ 1 67 (s, ЗН, 
СНз-С=С), δ 1 92 (s, ЗН, СНз-С=С), δ 4 63 (s, IH, CH=C) 
1-Menthyloxy l-tnmethylsilyloxy-2-phenylethene lm 
The procedure for the synthesis of ketene acetáis given in the literature was followed16 Here the lithium 
enolate was prepared at -780C The crude product was not punfied Yield 98% Ή NMRCCCÍ,) δ 0 27 and 
0 30 (s, 9H, CHjSi), δ 0 57 - 2 50 (m, 18Н), 6 413 (m, IH, CH-O), δ 4 50 and 4 57 (s, IH, CH=C), 6 72 -
7 38 (m, 5H, arom) 
General procedure for β,β'-Λοχο sulfoxides 4 
To a solution of silyl enol ether 1 (8 mmol) in dichloromethane (20 ml) at 0oC thionyl chlonde (0 3 ml, 4 0 
mmol) in dichloromethane (5 ml) was added slowly and the reaction mixture was stirred for 2 5 h 
Concentration of the reaction mixture gave the crude product which was punfied using flash column 
chromatography (silica gel, light petroleum / ethyl acetate) 
Bis(a-methoxycarbonylbenzyl) sulfoxide 4a 
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Chromatographed with light petroleum / ethyl acetate 2:1 to give an oil that contained several 
diastereomeis. IR(neat): 1725 cm"'(0=0), 1060 cmHSO). Ή NMRíCCl,,): δ 3.61, 3.70 and 3.77 (s, 6H, 
CHjO), δ 4.22,4.31,4.37 and 4.70 (s, 2H, CH-SO), 7.15 - 7.46 (m, ЮН, arom). MS (CI) m/e 347 (M++l). 
Bis(a-methoxycarbonylethyl) sulfoxide 4b 
Chromatographed with light petroleum / ethyl acetate 1:1 to give an oil that contained several 
diastereomeis. IR(neat): 1715 стЧС'Ю), 1070 cmHSO). 'H NMRiCDCl·,): δ 1.35 - 1.63 (m, 6H, 
СНз-С) δ 3.63 - 4.08 (m, 8H, CHjO and CH-SO). MS (El) m/e 223 (Μ+). 
Bis(a-NlN-dimethylaminocarbony¡propyl) sulfoxide 4c 
The impurities could be removed by washing with light petroleum. The resulting oil contained several 
diastereomers. ЩССІ,): 1650 cm-1(C=0), 1040 cnr ' iSO). lH NMRtCDClj): δ 0.86 - 1.06 (m, 6H, 
СНз-СН2), δ 1,43 - 2.26 (m, 4H, СН2-СНз), δ 2.87 - 3.20 (m, 12H, 3.61, CHj-N), δ 3.46 - 3.80 (m, IH, 
CH-SO), δ 3.99 - 4.28 (m, IH, CH-SO). MS (El) m/e 277 (M++l). 
General procedure for dihydrothiapyran 1-oxides Sa, b, m and η from esters via the corresponding silyl 
enol ethers. 
Silyl enol ether 1 (4.0 mmol) and triethylamine (0.61 ml, 4.4 mmol) in dichloromethane (5 ml) was added 
dropwise to a cooled (Table 3.3) stirred solution of thionyl chloride (0.31 ml, 4.2 mmol) and 
2,3-dimethyl-l,3-butadiene (3-4 ml) in dichloromethane (20 ml) and the reaction mixture was maintained 
at this temperature for the period indicated in Table 3.3. The reaction mixture was then washed twice with 
water and the washings were extracted twice with dichloromethane. The combined organic layers were 
dried (MgSO,,) and concentrated. The resulting crude product was subjected to flash column 
chromatography (silica gel, light petroleum / ethyl acetate) and crystallized from light petroleum / toluene. 
2-Methoxycarbonyl-2-phenyl-3l6-dihydro-4J-dimethyl-2H-thiapyran 1-oxideSa 
Chromatographed with light petroleum / ethyl acetate 1:1 and crystallized from light petroleum / toluene. 
m.p. 1230C. The spectral data were in agreement with those reported in the literature4. 
2-Methoxycarbonyl-2-methyl-3,6-dikydro-4¿-dimethyl-2H-thiapyran 1 -oxide 5b 
Chromatographed with ethyl acetate to give an oil. IR(ncat): 1730 cn r ' tC^) , 1050 cm'^SMD). Ή 
NMR(CDCl3): δ 1.56 (s, 3H, CHj-C), δ 1.74 (s, 6H, СНз-С=С), δ 2.48 (s, 2H, C-CH2-C=C), δ 3.03 and 
3.50 (ABq, 2H, J 17 Hz, S-CH2-C=C), δ 3.70 (s, ЗН, СН3-О). MS (ΕΙ) m/e 216 (Μ+). 
2-Menthoxycarbonyl-2-phenyl-3,6-dihydro-4J-dimethyl-2H-thiapyranl-oxideSm 
Chromatographed with light petroleum / ethyl acetate 9:1 and crystallized from light petroleum / toluene. 
m.p. 125 - ІЗСУС. IR(KBr): 1710 cm"'(CO), 1040 cmHSO). lH NMRÍCCl,,): δ 1.63 (s, ЗН, CHj-CO), 
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δ 0.50 - 1.58 (m, 18Η), δ 1.74 (s, ЗН, СНз-С=С), δ 2.19 - 3.64 (m, 4Н, CH
r
C=C), δ 4.60 (m, IH, OCH), 
δ 7.07 - 7.46 (m, 5Η, arem). [o]D = 23.5° (c=1.0, acetone). MS (CI) m/e 403 (M++l). Caled, for 
C ^ H j ^ S (402.597): С 71.60, H 8.51; found: С 71.72,71.74, H 8.53, 8.56. 
2-Ethoxycarbony¡-2-(I'-kydroxyethyl)-3,6-dihydro-4¿-dimethyl-2H-thiapyran 1-oxide 5nl 
Chromatographed with light petroleum / ethyl acetate 1:3 and crystallized from light petroleum / toluene 
to give a mixture of diastereomers. m.p. 94 - 106oC. IR(KBr): 3300 сп ЧОН), 1695 спгЧС^), 1030 
спгЧЗО). »H NMR(CC14): δ 1.19 (d, ЗН, J 6.6 Hz.CHj-CH), δ 1.27 (t, ЗН, J 7.2 Hz, CHyCHJ, δ 1.72 
(s, ЗН, СНз-С=С), δ 1.84 (s, ЗН, СНз-С=С), δ 2.61 and 2.99 (ABq, 2H, J 16.8 Hz, C-CH2-C=C), δ 3.39 
(s. 2Η, S(0)-CH¿. δ 3.85 (s, IH, OH), δ 4.02 - 4.40 (m, 2H, CHj-CHj), δ 4.48 - 4.88 (m, IH, CH3-CH). 
MS (ΕΙ) m/e 260 (M+). Caled, for Ci2H20O4S (260.355): С 55.36, Η 7.74; found: С 54.91, 55.21, 55.29, Η 
7.60,7.64, 7.64. 
Generai procedure for thiapyran 1-oxides Sd - 1, о and q from ketones via the corresponding silyl enol 
ethers. 
Silyl enol ether 1 (4.0 mmol) in dichloromethane (5 ml) was added dropwise to a cooled (Table 3.3) stirred 
solution of thionyl chloride (0.31 ml, 4.2 mmol), 2,6-lutidine (0,51 ml, 4.4 mmol) and 2,3-dimethyl-l,3-
butadiene (3-4 ml) in dichloromethane (20 ml) the and the reaction mixture was maintained at this 
temperature for the period indicated in Table 3.3. The reaction mixture was then washed twice with water 
and the washings were extracted twice with dichloromethane. The combined organic layen were dried 
(MgSO,,), concentrated and the resulting crude product was purified using flash column chromatography 
(silica gel, light petroleum / ethyl acetate) and crystallized from light petroleum / toluene. 
2-Methyl-2-propionyl-3,6-dihydro-4£-dimethyl-2H-thiapyran 1-oxide Sd 
Chromatographed with light petroleum / ethyl acetate 2:1 and crystallized from light petroleum / toluene. 
m.p. 430C. IR(KBr): 1695 cm-^C^), 1040 cm-'iS^). Ή NMRÍCDC^): δ 1.03 (t, ЗН, J 7.2 Hz, 
СНз-СН2), δ 1.51 (s, ЗН, СНз-С), δ 1.70 (s, ЗН, СНз-С=С). δ 1.76 (s, ЗН, СНз-С=С), δ 2.07 - 2.78 (m, 
4H, C-CH
r
C=C and СН2-СНз), δ 3.08 and 3.39 (ABq, 2H, / 18 Hz, S-CH2-C=C). Caled, for С ц Н ^ О ^ 
(214.329): С 61.64, Η 8.47; found: С 61.84, 61.61,61.52, Η 8.52, 8.48, 8.48. 
2-Acetyl-2-phenyl-3,6-dihydro-4¿-dimethyl-2H-thiapyran 1-oxide Se 
Chromatographed with light petroleum / ethyl acetate 1:1 to give pure diastereomeric products. 
Diastereomer I (66%): Crystallized from light petroleum / toluene, m.p. 118.5 - 1190C. IR(KBr): 1692 
cm-1(C=0), 1040 cmHSMD). 'H NMR(CDCl3):6 1.67 (s, ЗН, СНз-С=С), δ 1.84 (s, ЗН, СНз-С=С), δ 1.99 
(s, ЗН, СНз-С(О)), δ 2,20 - 3,67 (m, 4Н, СН2-С=С), δ 7.40 (s, 5H, arom). MS (CI) m/e 263 (M++l). 
Caled, for C 1 5 H l e 0 2 S (262.374): С 68.67, H 6.92; found: С 68.34, 68.35, H 6.87, 6.92. Diastereomer Π 
(6%): Crystallized from light petroleum / toluene, m.p. 108 - 109oC. IR(KBr): 1700 cmHCO), 1055 
c m ' i S ^ ) . •H NMR(CDCl3):6 1.62 (s, ЗН, СНз-С=С), δ 1.94 (s, ЗН, СНз-С=С). δ 2.10 (s, ЗН, 
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CH
r
C(0)), δ 2,17 - 3,38 (m, 4H, CH2-C=C), δ 7.14 - 7.40 (m, 5H, arom). MS (CI) m/e 263 (M++l). 
Caled, for CjsHigOzS (262.374): С 68.67, H 6.92; found: С 68.42, 68.55, H 6.95, 6.94. 
Cyclohexanone-2-spiro-2'-3',6'-dihydro-4'¿'-dimethyl-l'H-thiapyran Г-oxide Sí 
Chromatographed with diisopropyl ether / ethyl acetate 2:3 and crystallized from light petroleum / 
toluene, m.p. 69.5 -71.50C. The spectral data were in agreement with those reported in the literature4. 
l-Oxo-indane-2-spiro-2'-3',6'-dihydro-4''¿'-dimethyl^H-thiapyran Г-oxide 5g 
Crystallized from light petroleum / toluene, m.p. 1540C. (m.p. 154 - 1560C)4. The spectral data were in 
agreement with those reported in the literature4. 
l-Oxo-3 ¿-dihydro-2H-naphthalene-2-spiro-2' -3' ,6' -dihydro-4' ¿' -dimethyl-2' H-thiapyran 1-oxide Sb 
Chromatographed with diisopropyl ether / ethyl acetate 1:1 and crystallized from light petroleum / 
toluene. The spectral data were in agreement with those reported in the literature4. 
(R)-6-Isopropylidene-3 -methylcyclohexanone-2 -spiro-2 ' -3 ' ,6' -dihydro-4' J ' -dimethyl-2 ' H-thiapyran 
Г-oxide Si 
Chromatographed with light petroleum / ethyl acetate 3:2 to give an oil. ІЩССІд): 1740,1680 cnr^CO), 
1635 cm-l(C=C), 1040 cm-1(S=0). Ή КМІ^ССЦ): δ 1.56 (s, ЗН, СНз-С=С), δ 1.63 (s, 6H, СНз-С=С), δ 
1.72 (s, ЗН, СНз-С=С), 1.51 - 2.80 (m, ЮН), δ 2.88 - 3.63 (ABq, 2H, J 17Hz, S-CH-C=Q. MS (CI) m/e 
281 (M++l). 
2-Acryloyl-2-methyI-3,6-dihydro-4J-dimethyl-2H-thiapyran 1-oxide Sj 
Chromatographed with light petroleum / ethyl acetate 3:1 and crystallized from light petroleum / toluene. 
m.p. 51 - 520C. IR(KBr): 1678 cm-1(C=0), 1602 стл(С=С), 1023 c m H S ^ ) . Ή NMÏUCDCy: δ 1.52 (s, 
ЗН, CH3-C), δ 1.67 (s, ЗН, СНз-С=С), δ 1.74 (s, ЗН, СНз-С=С), δ 2.07 - 2.60 (m, 4H, CH2-C=C), δ 5.82 
(dd, IH, / 10 Hz and / 2 Hz, CH2=CH), δ 6.40 (dd, IH, J 17 Hz and / 2 Hz, CH2=CH), δ 6.73 (dd, IH, J 
17 Hz and J 10 Hz, CH=CH2). MS (CI) m/e 213 (M++l). Caled, for С ц Н ^ З (212.311): С 62.23, H 
7.60; found: С 62.28, 62.28. H 7.60, 7.72. Also 28% of 2-methyl-2-(3' ,4' -dimethylcyclohex-3'-ene)-
carbonyl-3,6-dihydro-4¿-dimethyl-2H-thiapyran 1-oxide Sjl isolated as an oil. IR(KBr): 1682 cm-'iCO), 
1030 cmHSMD). Ή NMRtCDCy: δ 1.45 - 1.83 (m, 17H), δ 1,90 - 3.63 (m, ЮН). MS (CI) m/e 295 
(M++l). 
2-Acryloyl-3,6-dihydro-4¿-dimethyl-2H-thiapyran 1-oxide 5k 
Chromatographed with light petroleum / ethyl acetate 3:1 to give an oil that contained a mixture of 
diastereomers. IR(neat): 1690 cnr ' iCO), 1610 c n r ^ C ) , 1040 cm-1(S=0). Ή NMR(CDCl3): δ 1.71 (s, 
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ЗН, СНз-С=С). δ 1.74 (s, ЗН, СНз-С=С), δ 2.10 - 2.66 (m, 4Н, СН2-С=С), δ 3.80 (dd, 0.5Н, J 10.5 Hz 
and / 5.0 Hz, S-CH-CH2 Z-isomer), δ 4.22 (t, 0.5H, / 7.0 Hz, S-CH-CH2 Ε-isomer), δ 5.80 (m, IH, 
CH2=CH), δ 6.21 - 6.87 (m, 2H, alkene). MS (CI) m/e 199 (M++l). 
IJ-Dioxo-SJ-dimethylcyclohexane-l-spiro-l'-S'.ó'-dihydro^'J'-dimethyl-l'H-thiapyran 1'-oxide So 
Chromatographed with light petroleum / ethyl acetate 2:1 and crystallized from light petroleum / toluene. 
m.p. ai'C (m.p. 88 - 890C)4. The spectral data were in agreement with those reported in the literature4. 
2-Formyl-2-phenyl-3,6-dihydro-4¿-dimethyl-2H-thiapyran 1-oxide Sq 
Chromatographed with light petroleum / ethyl acelate 1:1. IRÍCCl,,): 1725 ст 'ЧОО), 1065 cm_1(S=0). 
•H NMR(CDC13): δ 1.67 (s, ЗН, СНз-С=С), δ 1.96 (s, ЗН, СНз-С=С), δ 2.00 - 3.50 (m, 4H, CH2-C=C), δ 
7.17 - 7.59 (m, 5H, arom), δ 9.74 (s, IH, C(O)H). MS (CI) Caled, for C ^ H ^ S (249.0949) (M++l), 
found: 249.0951. 
General procedure for aryl sulfoxides 6 and 9 
To a stirred solution of silyl compound 1 or 8 (5.0 mmol) in dichloromethane (20 ml) at -780C 
arenesulfinyl chloride (5.0 mmol) in dichloromethane (5 ml) was added slowly . The temperature was 
allowed to rise slowly to room temperature. Evaporation of the volatile compounds gave the crude product, 
which was subjected to flash column chromatography (silica gel, light petroleum / ethyl acetate). 
N'fl-dimethyl 2-phenylsulfmylbuturylamide 6c 
Chromatographed with ethyl acetate to give pure diastereomeric products. Diastereomer I (45%): 
Crystallized from light petroleum / toluene, m.p. 116.5 - 117.50C. IR(KBr): 1618 c m ^ C O ) , 1040 
cmkSMD). Ή NMRíCDClj): δ 1.00 (t, ЗН, J 7.4 Hz, СНз-СН2), δ 2.27 (quint, 2H, J 7.4 Hz, 
СНз-СН
г
СН), δ 2.43 (s, ЗН, CHj-N), δ 2.69 (s, ЗН, CHj-N), δ 3.74 (t, IH, J 7.4 Hz, C(0)-CH-S(0)), δ 
7.43 - 7.57 (m, ЗН, arom), δ 7.60 - 7.80 (m, 2H. arom). Caled, for C12H17N02S (239.339): С 60.22, H 
7.15, Ν 5.85; found: С 60.76. 60.06, 60.12, Η 7.18, 7.09, 7.06, Ν 5.89, 5.84, 5.94. Diastereomer II (32%); 
Crystallized from light petroleum / toluene, m.p. 108 - 108.5oC. IR(KBr).· 1620 с т Ч С ^ ) , 1050 
cm-4S=0). 'H NMR(CDCl3):e 0.83 (t, 3H, J 7.5 Hz, СНз-СН2), δ 1.23 - 2.05 (m, 2H, СНз-СН2-СН). δ 
3.02 (s, ЗН, CHj-N). δ 3.12 (s, ЗН, CHj-N), δ 3.93 (dd, IH, J 10.0 Hz and J 4.2 Hz, C(0)-CH-S(0)), δ 
7.43 - 7.77 (m, 5H, arom). Caled, for C1 2H1 7N02S (239.339): С 60.22, H 7.15, Ν 5.85; found: С 60.16, 
59.81, 59.51, Η 7.03,6.98, 6.95, Ν 5.89,5.93, 5.82. 
Methyl 2-phenylsuIfinyl-propanedithioate 9a 
Chromatographed with light petroleum / ethyl acetate 2:1 to give an oil that contained a mixture of 
diastereomers in a ratio 3:1. IR(CC14): 1050 с т Ч З ^ ) . Major diastereomer: 'H NMR(CDCl3):e 1.79 (d, 
3H, J 7.0 Hz, CHj-CH), δ 2.44 (s, ЗН, CH3-S), δ 4.23 (q, IH, J 7.0 Hz, CH3-CH), δ 7.37 - 7.67 (m, 5H, 
arom). Minor diastereomen lH NMR(CDCl3):6 1.47 (d, 3H, / 7.0 Hz, CH3-CH), δ 2.55 (s, 3H, CH3-S), δ 
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4.42 (q, IH, / 7.0 Hz, CHj-CH), δ 7.37 - 7.67 (m, 5H, arom). MS (El) m/e 244 (M+). 
Methyl 2-(4-chIorophenylsulfiny[)-propanedithioate 9b 
Chromatographed with light petroleum / ethyl acetate 2:1 to give an oil that contained a mixture of 
diastereomers in a ratio 7:3. IRÍCCl^: 1055 c m ^ S ^ ) . Major diastereomer: Ή ЫМК(СВС1з):5 1.80 (d, 
3H, J 7.0 Hz, CHj-CH), δ 2.37 (s, 3H, CH3-S), δ 4.21 (q, IH, J 7.0 Hz, CHj-CH), δ 7.30 - 7.63 (m, 4H, 
arom). Minor diastereomer 'H NMR(CDCl3):6 1.50 (d, 3H, J 7.0 Hz, CH3-CH), δ 2.57 (s, 3H, CH3-S), δ 
4.45 (q, IH, J 7.0 Hz, CH3-CH), δ 7.30 - 7.63 (m, 4H, arom). MS (El) m/e 278 and m/e 280 (M+). 
Reduction of dihydrothiapyran S-oxide Sa 
To aluminum hydride (4.0 mmol)25 dissolved in a mixture of ether (40 ml) and THF (10 ml) at -780C Sa 
(1.1 g, 4.0 mmol) in THF (10 ml) was added and the reaction mixture was stirred at this temperature for 4 
h. Then 0.6 ml of water was slowly added, the suspension was allowed to rise to room temperature and 
ether (40 ml) and MgS04 (4 g) were addded. This suspension was stirred for 1 h and filtered. The filtrate 
was concentrated and purified using flash column chromatography (silicagel, diisopropyl ether / ethyl 
acetate 3:2) to give pure products. 2-Formyl-2-phenyl-3,6-dihydro-4¿-dimethyl-2H-thiapyran ¡-oxide Sql: 
yield: 73%. oil. ПЦСО,): 1710 ст-'СОЮ), 1048 c r n k S ^ ) · 'H NMRfCDClj): 6 1.71 (s, ЗН, СНз-С=С), 
δ 1.88 (s, ЗН, СНз-С=С), δ 1.55 - 3.56 (m, 4H, CH2-C=C), δ 7.44 (s, 5H, arom), δ 9.60 (s, IH, C(O)H). 
MS (CI) m/e 249 (M++l). 2-Hydroxymethyl-2-phenyl-3,6-dihydro-4J-dimeihyl-2H-thiapyran 1-oxide 5q: 
yield: 12%. Crystallized from light petroleum / toluene, m.p. 149 - ISCFC. ЩССЦ): 3260 cm"1 (O-H), 
1020 cm- ' íS^) . "H NMRíCDCl·,): δ 1.59 (s, ЗН, СНз-С=С), δ 1.77 (s, ЗН, СНз-С=С), δ 2.34 - 3.31 (m, 
4H, СНг-С^), δ 3.63 and 4.41 (ABq, 2H, J 12.0 Hz, CH2-OH), δ 3.6 (s, IH, OH), δ 7.35 (s, 5H, arom). 
Caled, for C^HjgOjS (250.362): С 67.17. H 7.25; found: С 67.53, 67.68, 67.50, H 7.30,7.34,7.31. 
Cyclohexanone-2-spiro-2' -3' ,6' -dihydro-4' ¿' -dimethyl-? H-thiapyranlt 
The procedure as described in the literature was used14. The crude product was purified using flash column 
chromatography (silicagel, dichloromethane / light petroleum 1:1). ІКЕССІд): 1700 cnrHCO). Ή 
NMR(CDCl3): δ 1.47 - 2.45 (m, 8H), δ 1.67 (s, 6Η, СНз-С=С), δ 2.45 - 3.41 (m, 4Н, СН2-С=С). MS (ΕΙ) 
m/e 210 (M+). 
Oxidation ofthiapyran 7 f 
m-Chloroperbenzoic acid (0.2 g, 1.0 mmol) was added to a cooled ((УС) stirred two phase system 
consisting of a solution of 7Г (0.21 g, 1.0 mmol) in dichloromethane (40 ml) and 0.25M phosphate buffer 
pH 7.5 (150 ml). The mixture was stirred for 3 h at this temperature. The organic layer was separated, 
dried (MgS04) and concentrated. The two diastereomeric sulfoxides were separated using flash column 
chromatography (silicagel, light petroleum / ethyl acetate 1:1). Diastereomer Sf: yield: 62%. Spectroscopic 
data in agreement with the data reponed above. Diastereomer 5П: yield: 35%. oil. IR(CC14): 1698 
cm-^CO), 1047 cnr ' tSO). Ή КМК(СОСІз): δ 1.10 - 2.92 (m, ЮН), δ 1.70 (s, 6Η. СНз-С=С), δ 3.07 
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and 3.38 (ABq, 2H, J 15 Hz, S(0)-CH2-C=C). MS (EI) m/c 226 (M+). 
2-[(methylthio)thiocctrbonyl]-2-methyl-3,6-dihydro-4J-dimethyl-2H-thiapyran l-oxide 10 
The procedure given for Sd was followed. Chromatographed with light petroleum / ethyl acetate 1:1 to 
give 10 with a purity of 80%. IR(CC14): 1055 cnï'CSO). Ή NMRCCDClj): δ 1.64 (s, ЗН, СНуС=С), δ 
1.76 (s, 6Н, СНз-С=С and CH3-C-S). δ 2.59 (s, ЗН, CHj-S), δ 2.81 (s, 2Η, С-СН2-С=С), δ 3.03 and 3.40 
(ABq, 2H, J 17 Hz, S-CH
r
C=C). MS (EI) m/e 248 (M+). 
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C H A P T E R IV 
THE CYCLOADDITION REACTION OF α-ΟΧΟ SULFINES AND 
l-TRIMETHYLSILYLOXY-1,3-BUTADIENES 
4 1 INTRODUCTION 
In the previous chapter the synthesis of α-οχο sulfines 2 by the reaction of vanous silyl enol ethers 
1 with thionyl chloride has been described (Scheme 4 1) The isolation of sulfines 2 as such, is only 
possible if they crystallize from the reaction mixture Aqueous work-up procedures should be avoided 
during the preparation of α-οχο sulfines due to then great sensitivity towards reductive hydrolysis 
(Scheme 1 10) In most cases the sulfines 2 are prepared in situ and entrapped by further reactions 
OSiMej Π ÏÏ И 
I
 R 2 SOCl2 „ A , / " base X ^ R 2 HP Â ^ R 2 R ¿ Y "т^ г^іг^ · ι —^' 
Н MejSiCl C 1 ' ^ S ' ^ 0 H C 1 ^ 0 
1 2 
Scheme 4 1 
In general, sulfines can undergo cycloaddition reacDons with 1,3 dienes to give thiacyclohexene 
5 oxides (thiapyran 5-oxides)1"4 The dienophilicity of sulfines depends strongly on the nature of their 
substituents When electron-withdrawing substituents, eg CI or a carbonyl group, are present, the 
reactivity in cycloaddition reactions is considerably enhanced ot-Oxo sulfines 2 are accordingly very 
reactive dienophiles Benzoyl substituted thioaldehyde 5-oxides undergo a fast cycloaddition reaction with 
2,3-dimethyl-l,3-butadiene even at -780C in good yields The cycloaddition reaction of α-οχο sulfines 2 
with 2,3-dimethyl-l,3 butadiene is currently most frequently used to trap the generated in situ sulfines 25 9 
In a few instances cyclohexadiene7, anthracene7 and cyclopentadiene' have been used In this chapter the 
reaction of α oxo sulfines 2 with some functionahzed dienes, viz 2-silyloxy-l,3-dienes 3, will be 
presented 
4 2 RESULTS AND DISCUSION 
The α-οχο sulfine 2a, readily available by the reaction of 1-tnmethylsilyloxy-l-indene la and 
thionyl chloride, was chosen as the model substrate since it can be isolated readily in quantity The 
cycloaddition reaction of 2a with 2-tnmethylsilyloxy-l,3-butadiene 3a proceeds rapidly at room 
temperature and is complete within a few minutes The mixture of pnmaiy adducts was hydrolysed under 
mild conditions, using moist silica gel, to produce a mixture of thiacyclohexanone 5-oxides (thianone 
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•S-oxides or tetrahydrothiapyranone S-oxide). The mixture could be separated by flash-column 
chromatography. Two products, viz. 6a and 7a, were obtained in a ratio of 62:11. These sulfoxides were 
then oxidized to the corresponding sulfones in order to establish their structural relationship. Since two 
OSiMej 
Scheme 4.2 
different sulfones were obtained it is concluded that the products 6a and 7a do not arise from a 
regiospeciñc cycloaddition of a mixture of E- and Z-sulfmes yielding two diastereomeric sulfoxides (in 
that case the same sulfones should have been obtained) but from a cycloaddition of sulfine 2a (probably 
only present as the Ε-isomer) with diene За with a moderate regiospecificity (Scheme 4.2). The 
cycloaddition reaction of 2a with 3-trimethylsilyloxy-l,3-pentadiene 3b similarly gave, following the same 
work-up procedure, the thiacyclohexanone S-oxides 6b and 7b in a ratio of 77:10. 
Since most α-οχο sulfines are generated in situ the reaction of sulfine 2a was also tested with 2a 
produced in situ using silyl enol ether la as the starting material (Scheme 4.3). In contrast with 
2>3-dimethyl-2,3-butadiene, the presence of silyloxydienes 3 is not permitted during the preparation of the 
α-οχο sulfine since these dienes 3 react also with thionyl chloride to give the corresponding α-οχο sulfines 
(see Chapter Ш, Table 3.3). The α-οχο sulfine 2a was therefore first prepared and shortly thereafter the 
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L H 2,6-lutidine 
» í V Γ-
ί
 3 OSiMej 
3) Si02, н 2 о 
Scheme 43 
silyloxydiene was added to the reaction mixture containing sulfine 2a. In this reaction the use of 
2,6-lutidine as an acid scavenger proved to be essential. The yield of the ultimate product was somewhat 
lower for diene За, however for diene 3b the result was almost the same as with the isolated sulfine (see 
Table 4.1). In order to establish the scope of this cycloaddition reaction some other α-οχο sulfines, 
generated m situ, were subjected to a reaction with the functionalized dienes 3a and 3b. In all cases the 
primary cycloadducts were immediately hydrolysed with moist silica gel. It is of interest to note that for 
the sulfines derived from the silyl enol ethers lb, с and d, only the regioisomer 6 was obtained in the 
cycloaddition reaction. It has been shown that 2-trimethylsilyloxy-l,3-butadiene 3a can serve as a 
substrate in the reaction with thionyl chloride (Chapter III, Table 3.3), however, attempts to autotrap this 
α-οχο sulfine by substrate 3a were unsuccessful. 
It is well documented that the Diels-Alder reaction is stereospecific, implying that the geometrical 
relationship of the sulfine oxygen atom and the substituents at the sulfine carbon atom is retained in the 
cycloadduct2^. Thus, one geometrical isomer of 2 will give rise to one (racemic) diastereomer of the 
adduct 6 (or 7). As shown above, for α-οχο sulfine 2a this was indeed the case (probably only the E-isomer 
of 2a was present). However, for the α-οχο sulfine derived from lb a mixture of (racemic) diastereomeric 
cycloadduct 6c was obtained which could be separated by careful chromatography. Both diastereomers 
were oxidized to the same (racemic) sulfone 8c. It is of interest to note that trapping of generated in situ 
sulfine 2b with 2,3-dimethyl-l,3-butadiene gave one diastereomer of the cycloadduct only (Chapter Ш, 
Table 3.3). The difference between this diene and silyloxydiene 3a can be explained by assuming 
epimerization prior to trapping with silyloxydiene 3a. This epimerizartion is possible since there is a 
considerable time lack between generation and trapping of the sulfine. In the case of the sulfine derived 
from Id the NMR spectrum of the product 6f, before chromatography, revealed the presence of one dia-
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Table 4.1 Synthesis and oxidation of thiacyclohexanone S-oxides 6 and 7 according to Schemes 2 
and3. 
starting compound 
sulfine or diene 
silyl enol ether no R 
cycloaddition oxidation 
temp time yield yield 
(0C) (hr) no (%) no (%) 
2a 
la 
lb 
1c 
Id 
=
 S 
О 
OSiMe! 
3a H 
3b Me 
3a H 
20 
20 
OSiMcj з
а H 20 
3b Me 20 
3a H 0 
-20 
0.5 
0.5 
1.5 
6a 
7a 
6b 
7b 
62 
11 
77 
10 
1.8 6a 45 
7a 21 
6b 65 
7b 15 
8a 
9a 
2.5 6c 40a 8c 
2.0 6c 45d 
83 
80 
40b 
64e 
10 16.0 6d 44 8d 76 
3b Me 20 6.0 6e 92 8e 83 
3a 
3b 
H 
Me 
-78 
-78 
1.0 
1.5 
6f 
6g 
75 
96 
8f 
8g 
75 
76 
•Diastereomeric ratio 1:11 = 3:1. bStarting from diastereomer I. cStarting from diastereomer П. 
dDiastereomeric ratio Ι:Π = 38:7. 
stereomer (probably the али-sulfoxide derived from the E-sulfme). However, during chromatography 
epimerization to a mixture of diastereomers took place. These diastereomers could not be separated. An 
additional chiral center (C-a) is introduced into the cycloadduct by using diene 3b. Epimerization at C-a 
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takes place readily leading to diastereomeric mixtures of the respective products 6b, бе, 6g and 7b due to 
the fact that the proton at this center C-a is rather acidic. 
o-Oxo sulfine 2a, in substance, reacted very rapidly with l-ethoxy-3-triinethyIsilyloxy-l,3-
butadiene 3c to give the primary product 4h which hydrolysed readily to produce 3-oxo sulfoxide 6h in 
good yield (Scheme 4.4). No formation of the regioisomeric 4-oxo sulfoxide was observed with this diene. 
О
 0 E t
 У
0
 OEt O OEt 
15% 6h 62% 8h 
Scheme 4.4 
The primary adduct 4h was also treated with boron trifluoride etherate which caused elimination of 
trimethylsilyloxyethane to give the unsaturated oxo sulfoxide 6i (Scheme 4.4). This compound was very 
sensitive towards acid and base, and could only be purified by crystallization. Sulfmes generated in situ 
reacted with diene 3c, but the primary adduct underwent elimination to give an unsaturated sulfoxide of 
the type 6i which could be detected spectroscopically, but not isolated due to its instability. 
The frontier molecular orbital theory is frequently used to explain the rate and the regioselectivity 
of cycloaddition reactions10. There are however, no reported data concerning the properties of the frontier 
molecular orbitals of α-οχο sulfmes. We therefore carried out some MNDO calculations. Because MNDO 
only uses s- and p-orbitals and d-orbitals are omitted, the results obtained should be considered with great 
care
11
. Sulfmes 2e and 2f (Figure 4.1) were studied because the calculated geometry can be compared with 
О 
// 
Ph — C t 
\ 
С — S 
Me Me / ^ ^ 
У-Á 
_. N02 H H 2f Figure 4.1 
Ht 
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/ ^ 
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53 
Table 4.2 Results of MNDO calculations of sulfmes 2e and 2f. 
A Geometry 
2e MNDO" experimental
b 2f MNDO" experimental0 
c-s (A) 
s-o (A) 
с-н,(А) 
ο-Η,ίΑ) 
<cso о 
«cH.CS о 
«McCSC) 
^ , Ο ί , Η 
В Atomic charges 
2e 
1.58 
1.50 
1.09 
1.09 
109.9 
119.6 
125.9 
114.5 
MNDO1 
1.61 
1.47 
1.09 
1.08 
115.6 
122.5 
121.9 
114.7 
ab initio0 
C-S (A) 
S-O (A) 
c-c,(A) 
c-c
c
(A) 
<CSO О 
«rQCS О 
<CCCS О 
<CtCCc О 
<SCCtO (0) 
2f 
1.60 
1.49 
1.52 
1.51 
111.8 
114.1 
126.2 
119.7 
121.4 
MNDO' 
1.63 
1.44 
1.49 
1.50 
112.7 
118.9 
121.4 
119.0 
153.6 
С 
s 
о 
-0.40 
0.88 
-0.65 
-0.57 
0.67 
-0.68 
С 
S 
О 
-0.50 
0.96 
-0.63 
С Molecular Orbitals, energy and atomic orbital coefficients 
Sulfine 2e 2f 
HOMO LUMO MO(46)e MO(47)e HOMO LUMO 
Energy (eV) 
Coefficient С 
Coefficient S 
Coefficient О 
-9.64 
0.645 
0.290 
-0.707 
-1.31 
-0.687 
0.624 
-0.371 
-10.15 
0.629 
0.297 
-0.624 
-10.02 
-0.137 
-0.067 
0.123 
-9.91 
0.049 
0.023 
-0.041 
-2.19 
-0.612 
0.634 
-0.395 
"MNDO calculations using VAMP, Erlangen Vectorized Molecular Orbital Package, Version 
4.10 (based on AMP AC 1.0 and MOPAC 4.0) using MNDO parameters for H, С and О according 
to ref. 12a and parameters for S according to ref. 12b. 'The experimental geometry determined by 
microwave spectroscopy13. The experimental geometry determined by X-ray crystallography14. 
áAb initio calculations15. These MO's are not the HOMO but have an energy very close to the 
energy of the HOMO. 
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the known geometrical structure of these sulfines13-14. Furthermore, there are some calculations reported 
for the parent sulfine 2e1 5·1 6 and these can also be compared with MNDO calculations presented here. The 
results of the MNDO calculations are collected in Table 4.2. The geometries of the calculated structures 
show a reasonable agreement with the experimental values. The atomic charges found with MNDO 
calculations differ from those obtained with the ab initio computation. The MNDO results show a small 
positive charge at the S-O group, whereas according to ab initio calculations the S-0 group as a whole is 
almost neutral. From the MNDO calculations some data concerning the frontier molecular orbitals can be 
derived. The activation barrier for Diels-Alder reactions is related to the HOMO-LUMO energy gap 
between both π-systems. Since electron-rich dienes are very efficient trapping reagents and α-οχο sulfines 
are very reactive, the HOMO of the diene will interact with the LUMO of the sulfine. MNDO calculations 
are in agreement with this expectation. If the energy of the LUMO of the parent sulfine 2e (-1.31 eV) is 
compared with the LUMO of o-oxo sulfine 2f (-2.19 eV) the energy gap between the LUMO of the sulfine 
and the HOMO of the diene is 0.88 eV lower and hence, α-οχο sulfines will react faster than the parent 
compound. 
The regioselectivity of a cycloaddition reaction is determined by the relative coefficients of the 
atomic orbitals at the atoms at which bonding will take place10. The HOMO of a 2-silyloxy-l,3-diene has a 
larger atomic coefficient at C-l than at C-4. SCF-CNDO calculations by Snyder16 show the largest atomic 
coefficient at carbon for the LUMO of the parent sulfine 2e. The MNDO calculations show the same 
polarization for the parent sulfine (determined by the p
z
-orbital). MNDO calculations of α-οχο sulfine 2f 
show a reversal of polarization of the atomic orbitals of the reacting centres. The largest coefficient is now 
at the sulfur atom. As a consequence the Diels-Alder reaction of α-οχο sulfines with 2-silyIoxy-l,3-dienes 
will have a preference for the ultimate formation of 3-oxo sulfoxides 6. This is in agreement with the 
observed regioselectivity. However, the difference between the atomic orbital coefficients is small and 
therefore the frontier orbital approach using the MNDO calculations on sulfines may not be very reliable in 
the prediction of the regiochemistry of these heterocumulenes in Diels-Alder reactions. 
An empirical approach advocated by Brownbridge17, to predict the regiochemistry of 
2-silyloxy-l>3-dienes, considers these dienes as a synthetic equivalent of the 1,4-dipole as depicted in 
Figure 4.2. Application hereof indeed leads to the observed regiochemistry, viz. the nucleophilic C-l atom 
M e j S i O ^ ^ о -
Figure 4.2 
will be attached preferentially to the positively charged sulfine sulfur atom. It should be noted however, 
that the charge at the sulfine carbon atom is strongly influenced by the nature of the substituents15, 
implying that the regiochemistry of Diels-Alder reactions of sulfines probably depends strongly on their 
substituents. 
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4.3 EXPERIMENTAL SECTION 
The general remarks mentioned in section 3.3 also apply for the experiments in this section. MNDO 
calculations were performed by Mr. H.L.E. Depre using VAMP, Erlangen Vectorized Molecular Orbital 
Package, Version 4.10 (based on AMP AC 1.0 and MOPAC 4.0) using MNDO parameters for H1 2 a, C12*, 
O12* and S1 2 b as described in the indicated literature and using a Convex С 1 and a VAX 11/785 computer. 
l-Oxo-2-thioxo-indane 5-oxide5 and the silyl enol ethers of methylvinylketone18, ethylvinylketone19, 
4-ethoxy-3-butenone20, l-indanone21, a-tetralone22, cyclohexanone21 and acetophenone23 were prepared 
as described in the indicated literature. 
Cycloaddition reaction of l-oxo-2-thioxo-indane S-oxide 2a wi'iA 2-trimethylsilyloxy-l¿-butadiene 3a. 
2-Triinethylsilyloxy-l,3-butadiene 3a (100 mg, 0.70 mmol) was added to a solution of 
l-oxo-2-thioxo-indane S-oxide 2a (90 mg, 0.51 mmol) in CDCI3 (1 ml) at room temperature. The reaction 
was monitored by NMR. Moist silica gel was added when the reaction was complete. The suspension 
obtained was brought onto a silica gel column and the regioisomers were separated using flash 
chromatography (diisopropyl ether/ethyl acetate 3:1). 
l-Oxo-indane-2-spiro-2'-thiacyclohexan-5'-one I'-oxide 6a. m.p. 156.5-1580C (light petroleum / toluene). 
IR (KBr): 1712, 1692 cm-1(C=0), 1057 спгЧЗО). »H NMRÍCDClj): δ 2.20-2.67 (m, 2Η), δ 2.83-3.49 
(m, 2H). δ 3.09 and 3.93 (ABq, 2H, J 18.7 Hz, indane CH2), δ 3.65 (dd, IH, J 13.5 Hz and ƒ 1.3 Hz, 
S(0)-CH-C(0)), δ 4.42 (d, IH, J 13.5 Hz, S(0)-CH-C(0)), δ 7.36-7.91 (m, 4H, arom). MS (El) m/e 248 
(M+). Caled, for СізН120з8 (248.301): С 62.89, H 4.87; found: С 62.42, 63.10, H 4.83,4.98. 
l-Oxo-indane-2-spiro-2'-thiacyclohexan-4'-one Г-oxide 7a. m.p. 152-1540C (light petroleum / toluene). 
IR (KBr): 1707, 1697 cm-1(C=0), 1054 c m H S ^ ) . 'H NMRiCDClj): δ 2.40-2.84 (m, 2H), δ 2.87-3.73 
(m, 5H), δ 4.01 (ABd, IH, J 18.8 Hz, indane CHj), δ 7.32-7.87 (m, 4H, arom). MS (El) m/e 248 (M+). 
Caled, for CuH^OjS (248.301): С 62.89, H 4.87; found: С 62.56,62.49, H 4.72,4.71. 
Cycloaddition reaction of l-oxo-2-thioxo-indane S-oxide 2a with 3-trimethylsilyloxy-l ,3-pentadiene 3b. 
The procedure given for diene За was followed. The regioisomers were separated using flash 
chromatography (silica gel, diisopropyl ether/ethyl acetate 1:1) 
l-Oxo-indane-2-spiro-2'-6'-methylthiacyclohexan-5' -one l'-oxide 6b. Mixture of diastereomers. m.p. 
126-1440C (light petroleum / toluene). IR (KBr): 1712, 1695 спгЧС^Ю), 1058 c r n ^ S ^ ) . Ή 
NMRÍCDCIj): Diastercomer Ι: δ 1.43 (d, ЗН.У 7.5 Hz, CH3), δ 2.10-4.08 (m, 5H), δ 4.09 (ABd, IH, У 18.0 
Hz,indane CH2), δ 4.52 (q, IH, J 7.5 Hz, CH-CH3), δ 7.33-7.91 (m, 4H, arom); Diastercomer II: 
characteristic in comparison with diastercomer Ι: δ 1.48 (d, 3H, J 7.5 Hz, CH3). MS (CI) m/e 263 (M++l). 
Caled, for С14Н14Оз8 (262.328): С 64.10, Η 5.38; found: С 63.56, 63.81, Η 5.21, 5.31. 
l-Oxo-indane-2-spiro-2'-3'-methylthiacyclohexan-4' -one Г-oxide 7b. m.p. 134-1370C (light petroleum/ 
toluene), m (KBr): 1711, 1700 c m ' i C ^ ) , 1056 c m ' í S ^ ) . Ή NMRiCDC^): δ 1.00 (d, 3H, J 7.0 Hz, 
CH3). δ 3.22-3.72 (m, 6Η), δ 4.04 (ABd, IH, У 18.8 Hz, indane CH2), δ 7.34-7.85 (m, 4Η, arom). MS (CI) 
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m/e 263 (M++l). 
General procedure for Macylohexanone S-oxides ба-g and 7a,bfrom silyl enol ethers la-d. 
To a solution of thionyl chloride (0.076 ml, 1.0 mmol) and 2,6-lutidine (0.13 ml, 1.0 mmol) in 
dichloromethane (S ml) the silyl enol ether dissolved in dichloromethane (2 ml) was added and the 
reaction mixture was stirred for S min. at the temperature indicated in Table 4.1. The l-silyloxy-l,3-diene 
was then added and the reaction mixture was stirred for the period, at the temperature indicated in Table 
4.1. The reaction mixture was then washed twice with a saturated solution of NH4C1, the NH4C1 washings 
extracted twice with dichloromethane, and the combined organic layers were concentrated. The crude 
product was dissolved in dichloromethane (1 ml), and moist silica gel (1 g) was added. The suspension 
was brought onto a silica column and was purified using flash column chromatography (silica gel, 
diisopropyl ether / ethyl acetate). 
l-Oxo-3,4-dihydro-2H-naphthalene-2-spiro-2'-thiacyclohexan-5'-one Г -oxide 6c 
Chromatographed with diisopropyl ether/ ethyl acetate 2:1 to give pure diastereomers. 
Diastereomer I: m.p. 121-122.50C (light petroleum / toluene). IR (KBr): 1710, 1660 спгЧС^), 1050 
cnvkS^) . Ή NMRtCDCy: δ 2.33-3.78 (m, 8H), δ 3.69 (dd, IH, J 14.0 Hz and J 0.8 Hz, 
C(0)-aî-S(0)), δ 4.27 (d, IH, J 14.0 Hz, C(0)-CH-S(0)), δ 7.20-7.71 (m, 3H, arom), δ 7.93-8.13 (m, IH, 
arom). MS (CI) m/e 263 (M++l). 
Diastereomer II: m.p. 176-1820C (dec.) (light petroleum / toluene). IR (KBr): 1705, 1670 cnr^C^O), 1058 
cnrHS^). 'H NMRtCDQj): δ 1.64-2.02 (m, IH), δ 2.29-3.71 (m, 7Η), δ 3.91 (dd, IH. У 12.6 Hz and J 
1.1 Hz, C(0)-CH-S(0)), δ 4.51 (d, IH, J 12.6 Hz, C(0)-CH-S(0)), δ 7.13-7.64 (m, 3H, arom), δ 7.98-8.13 
(m, IH, arom). MS (CI) m/e 263 (M++l). 
Cyclohexanone-2-spiro-2'-thiacyclohexan-5'-one l'-oxìde 6d 
Chromatographed with diisopropyl ether / ethyl acetate 3:1. m.p. 70-72oC (light petroleum / toluene).IR 
(KBr): 1716, 1687 cm- ' íC^), 1060 cnr^SO). 'H NMRtCDClj): δ 1.57-2.98 (m, 12H), δ 3.58 and 3.89 
(ABq, 2H,7 13.5 Hz, C(0)-CH2-S(0)). MS (CI) m/e 263 (M++l). 
Cyclohexanone-2-spiro-2'-6'-methylthiacyclohexan-5'-one Г-oxide бе 
Chromatographed with diisopropyl ether / ethyl acetate 1:1. Mixture of diastereomers. m.p. 73.5-770C 
(light petroleum / toluene). IR (KBr): 1710, 1694 cnr^CsO), 1051 c m ' ^ S ^ ) . 'H NMRiCDClj): 
Diastereomer Ι: δ 1.46 (d, 3H, J 7.2 Hz, CHj), δ 1.65-3.03 (m, 12H), δ 3.45 (q, IH, J 7.2 Hz, CH-CHj); 
Diastereomer Π: characteristic in comparison with diastereomer Ι: δ 3.80 (q, IH, J 7.2 Hz, CH-CH3). MS 
(CI)in/e229(M++l). 
2-Benzoyhhiacyclohexan-5-one l-oxide 6f 
Chromatographed with diisopropyl ether / ethyl acetate 1:1, гул- and απίι-diastereomers separated by 
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fractial recrystallization (chloroform). 
Аяи'-isomer Csulfoxide oxygen anti to benzoyl group): m.p. lOS-^^C . IR (KBr): 1708,1661 стл(00), 
1042 c m H S ^ ) . Ή NMRíCDClj): δ 2.37-3.53 (m, 4H), δ 3.87 and 4.17 (ABq, 2H, J 14.0 Hz, 
C(0)-CH2-S(0)), δ 3.81-4.08 (m. IH), δ 7.43-7.80 (m, 3Η, arem), δ 7.80-8.17 (m, 2Η, arom). 
Syn-isomer (sulfoxide oxygen syn to benzoyl group): m.p. 186-187.50C. IR (KBr): 1712, 1670 стл(С=0), 
1043 cm-^SO). 'H NMR(CDClî/DMSOd6 2:1): δ 2.26-2.97 (m, 4H), δ 3.56 and 4.51 (ABq, 2H, J 13.8 
Hz, C(0)-CH2-S(0)), δ 5.30-5.64 (m, IH), δ 7.40-7.82 (m, 3Η, arom), δ 8.01-8.22 (m, IH, arom). MS (CI) 
m/e 237 (M++l). 
6-Benzoyl-2-methylthiacyclohexan-3-one 1-oxide 6g 
Chromatographed with diisopropyl ether / ethyl acetate 2:1. Mixture of diastereomers. IR (KBr): 1712, 
1675 ст-ЧСО), 1045 cm-^SMD). 'H NMRtCDClj): Diastereomer Ι: δ 1.51 (d, 3H, J 7.0 Hz, CH3), δ 
2.36-3.47 (m, 4H), δ 3.81 (q, IH, J 7.0 Hz, CH-CH3), δ 4.83 (dd, IH, J 11.5 Hz and J 2.5 Hz, 
Ph-C(0)-CH-S(0)), δ 7.37-7.72 (m, 3H, arom), δ 7.86-8.09 (m, 2H, arom). Diastereomer II: characteristic 
in comparison with diastereomer Ι: δ 1.50 (d. 3H, J 7.2 Hz, CH3), δ 4.20 (q, IH, J 7.2 Hz, CH-CH3), δ 4.93 
(t, IH, J 4.2 Hz, Ph-C(0)-CH-S(0)). Diastereomer Ш: characteristic in comparison with diastereomer Ι: δ 
1.60 (d, 3H, J 6.6 Hz, CH3), δ 4.01 (q, IH, J 6.6 Hz, CH-CH3), δ 5.18 (dd, IH, J 15.0 Hz and J 3.0 Hz, 
Ph-C(0)-CH-S(0)). MS (CI) mit 251 (M++l). 
Cycloaddition reaction of l-oxo-2-thioxo-indane S-oxide 2a with l-ethoxy-3-trimethylsilyloxy-lj-
butadiene 3c. 
The procedure given for diene За was followed. The cycloadduct was purified using flash chromatography 
(silica gel, diisopropyl ether / ethyl acetate 4:1) 
l-Oxo-indane-2-spiro-2'-3'-ethoxythiacyclohexan-5'-one ¡'-oxide 6h. m.p. 132-1340C (light petroleum / 
toluene). IR (KBr): 1700 спгЧОО), 1090 cm^C-O) 1050 cnrHSO). Ή NMRíCDCy: δ 0.99 (t, ЗН, / 
7.0 Hz, СН3), δ 2.57-4.42 (m, 9H), δ 7.31-7.87 (m, 4Η, arom). MS (CI) m/e 293 (M++l). 
l-Oxo-indane-2-spiro-2' -thia-3' -cyclohexen-5' -one Г-oxide 6i 
2-Ethoxy-3-trimethyIsilyloxy-l,3-butadiene Зс (110 mg, 0.59 mmol) was added to a solution of 
l-oxo-2-thioxo-mdane S-oxide 2a (90 mg, 0.51 mmol) in dichloromethane (10 ml) at room temperature. 
The reaction mixture was stirred for 1.5 h at room temperature and then gradually added to a solution of 5 
ml of boron trifluoride etherate in dichloromethane (15 ml) at -780C. The reaction mixture was stirred for 3 
h at - 7 8 ^ and then poured into 0.05 M phosphate buffer pH 7 (200 ml). The organic layer was separated, 
dried (MgSO,,) and concentrated. The crude product was crystallized from chloroform / diethyl ether to 
give the unstable sulfoxide 6i. m.p. 140-165oC (dec.). IR (KBr): 1703, 1677 cnv'iCO), 1064 cnr' iSO). 
Ή NMR(CDCl3): δ 3.48 and 4.20 (ABq, 2H. J 18.3 Hz, indane CH2), δ 3.78 and 4.39 (ABq, 2H, J 16.1 
Hz, C(0)-CH2-S(0)), δ 6.45 (s, 2H, C=C-H), δ 7.18-7.91 (m, 4H, arom). MS (CI) m/e 247 (M++l). 
The mother liquor was subjected to flash column chromatography (silica gel, diisopropyl ether / 
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ethylacetate 4:1) to give sulfoxide 6h. 
General procedure for thiacyclohexanone S£-dioxides 8a, c-h, 9a 
/n-Chloroperbenzoic acid (40 mg, 0.20 mmol) was added to a two phase system consisting of a solution of 
thiacyclohexanone 5-oxide (0.19 mmol) in dichloromethane (40 ml) and 0.25M phosphate buffer pH 7.5 
(150 ml) maintained at 50C. The mixture was then stirred for 20 h at this temperature. The organic layer 
was separated, dried (MgS04) and concentrated. The crude sulfone was purified using crystallization or 
flash column chromatography. 
l-Oxo-indane-2-spiro-2''-thiacyclohexan-5' -one Γ,Γ-dioxide 8a. 
The crude product was crystallized from light petroleum / toluene. m.p. 214-2150C. IR (КВт): 1725, 1700 
cm-\CO). 1313, 1128 cm-'íSOí). ' н NMRtCDClj): δ 2.20-2.78 (m, 3H), δ 3.11-3.56 (m, IH), δ 3.11 and 
4.11 (ABq, 2H, / 18.2 Hz, indane CH2), δ 4.02 (dd, IH, J 13.8 Hz and У 1.8 Hz, S(0)-CH-C(0)), δ 4.94 (d, 
IH, J 13.8 Hz, S(0)-CH-C(0)). δ 7.37-7.96 (m, 4H, arom). MS (CI) m/e 265 (M++l). Caled, for 
СізН12048 (264.302): С 59.08, H 4.58; found: С 59.42, 59.17, H 4.72, 4.72. 
l-Oxo-indane-2-spiro-2' -thiacyclohexan-4' -one Г ,1' -dioxide 9a. 
The crude product was crystallized from chloroform / diethyl ether, m.p. 234-2360C (dec). IR (KBr): 
ПОЗст-ЧС^), 1324, 1120 cm-'iSOî). Ή NMRtCDCy* 2.58-3.46 (m,6H), δ 4.01 (ABd, IH, J 18.5 
Hz, indane CHz), δ 3.98-4.40 (m, IH), δ 7.34-7.89 (m, 4H, arom). MS (CI) m/e 265 (M++l). Caled, for 
С1зН1 2504 (264.302): С 59.08, H 4.58; found: С 58.62, 58.86., H 4.53,4.51. 
l-Oxo-3,4-dihydro-2H-naphtalene-2-spiro-2'-thiacyclohexan-5'-one l',1'-dioxide 8c 
The crude product was purified using flash column chromatography (silica gel, diisopropyl ether / ethyl 
acetate 3:2) and recrystallized from light petroleum / toluene, m.p. 173.50C. IR (KBr): 1725, 1670 
cmVCMD), 1308, 1122 cm'iSOj). Ή NMRíCDClj): δ 1.90-3.53 (m, 8H), δ 3.91 (dd, IH, J 14.0 Hz and/ 
1.0 Hz, S(0)-CH-C(0)), δ 4.94 (d, IH, J 14.0 Hz,S(0)-CH-C(0)), δ 7.20-7.70 (m, 3H, arom), δ 7.93-8.21 
(m, IH, arom). MS (CI) m/e 279 (M++l). Caled, for C u H ^ S (278.323): С 60.42, H 5.07; found: С 
60.11,60.30, H 4.95. 4.94. 
Cyclohexanone-2-spiro-2'-thiacyclohexun-5'-one Г,¡'-dioxide 8d 
The crude product was purified using flash column chromatography (silica gel, diisopropyl ether / ethyl 
acetate 3:1) and recrystallized from light petroleum / toluene, m.p. 154.5-1550C. IR (KBr): 1720, 1700 
cmrH&O), 1300, 1121 cm-'iSOj). Ή NMRtCDClj): δ 1.50-3.10 (m, 12H), δ 3.88 (dd, IH, J 14.4 Hz and 
/ 1.5 Hz, S(0)-CH-C(0)), δ 4.48 (d, IH, / 14.4 Hz, S(0)-CH-C(0)). MS (CI) щ/е 231 (M++l). Caled, for 
C1()H1404S (230.283): С 52.16, H 6.13; found: С 52.07, 52.11, H 6.21, 6.16. 
Cyclohexanone-2-spiro-2'-6'-methyl-2'-thiacyclohexan-5'-one 1', Г-dioxide Se 
Purification using flash column chromatography (silica gel, diisopropyl ether / ethyl acetate 2:1) and 
lecrystallization from light petroleum / toluene gave a mixture of diastercomers. m.p. 143-1450C. IR 
(KBr): 1720, 1700 cm-'iCO), 1303, 1118 cm'tSOj). »H NMRtCDClj): δ 1.47 (d, 3H, J 7.0 Hz, CHj), δ 
1.50-3.20 (m, 12H), δ 4.45 (q, IH. J 7.0 Hz, CH-CH3). MS (CI) m/e 245 (M++l). Caled, for С ц Н ^ З 
(244.312): С 54.08. H 6.60; found: С 53.92, 54.18, H 6.56, 6.63. 
2-Benzoylthiacychhexan-5-one ¡,1-dioxide St 
The crude product was purified using flash column chromatography (silica gel, diisopropyl ether / ethyl 
acetate 4:1) and recrystallized from light petroleum / toluene, m.p. 175.5-1770C. IR (KBr): 1729, 1675 
cm-'iC^), 1330, 1130 cnr^SOj). 1Н NMRtCDCl·,): δ 2.38-3.24 (m, 4H), δ 3.98 and 4.74 (ABq, 2H. J 
14.0 Hz, S(0)-CH
r
C(0)), δ 4.05-4.25 (m, IH, S(0)-CH-C(0)-Ph), δ 7.46-7.90 (m, 3H, arom), δ 7.89-8.20 
(m, 2H, arom). MS (CI) m/e 253 (M++l). Caled, for C1 2H1 204S (252.290): С 57.13, H 4.79; found: С 
57.18, H 4.84. 
6-Benzoyl-2-methylthiacyclohexan-3-one 1,1-dioxide 8g 
The crude product was purified using flash column chromatography (silica gel, diisopropyl ether / ethyl 
acetate 1:1) and recrystallized from light petroleum / toluene, m.p. HS-ISCCC. IR (KBr): 1730, 1665 
с т - Ч С ^ ) . 1320, 1145 cm-'íSOz). Ή NMRÍCDClj): Diastereomer Ι: δ 1.53 (d, 3H, / 6.3 Hz, CH3), δ 
2.18-3.32 (m, 4H), δ 4.15 (q, IH, J 6.3 Hz, CH-CH3), δ 5.13-5.37 (m, IH, S(0)-CH-C(0)-Ph), δ 7.37-7.80 
(m, 3H, arom), δ 7.92-8.16 (m, 2H, arom); Diastereomer Π: characteristic in comparison with diastereomer 
Ι: δ 4.79 (q, IH, J 6.3 Hz, CH-CH3). MS (CI) m/e 267 (M++l). Caled, for C u H j ^ S (266.318): С 58.63, 
Η 5.30; found: С 58.48, 58.59, Η 5.33, 5.33. 
l-Oxo-indane-2-spiro-2' -3' ethoxythiacyclohexan-5' -one Γ,Γ-dioxide 9h. 
The crude product was crystallized from light petroleum / toluene, m.p. 132-1340C. IR (KBr): 1710 
cm-
1(C=0), 1325, 1130 cm'íSOí) 1085 стЧС-О). Ή NMRtCDClj): δ 1.14 (t, 3H, J 7.0 Hz, CH3), δ 
2.78-4.62 (m, 9H), δ 7.31-7.91 (m, 4Η, arom). MS (CI) m/e 309 (M++l). Caled, for C1 5H1 605S (308.355): 
С 58.43, H 5.23; found: С 58.34, H 5.32. 
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C H A P T E R V 
SYNTHESIS OF α-ΟΧΟ SULFINES FROM TRIMETHYLSILYL ENOL ETHERS AND 
W-(CHLOROSULFINYL)IMIDAZOLE 
5 1 INTRODUCTION 
The reaction of tnmethylsilyl enol ethers with thionyl chlonde is an efficient and versatile method 
for the synthesis of α-οχο sulfines (Chapter ΠΙ)1·2·3 Most α-οχο sulfines cannot be isolated due to their 
sensitivity toward reductive hydrolysis1 ^3. In these cases the α-οχο sulfines can be trapped with an 
electron-nch 1,3-diene, such as 2,3-dimethyI-l,3-butadiene and 2-silyloxy-l,3-dienes (see Chapters III and 
IV) The first step in the synthesis of these sulfines is a C-sulfinylation reaction to produce β-οχο sulfmyl 
chlondes with concomitant elimination of tnmethylsilyl chlonde These normally unstable sulfinyl 
chlondes eliminate hydrogen chlonde, either spontaneously or with the aid of a base, to provide α-οχο 
sulfines (Scheme 5 1) The base also serves to trap the hydrogen chlonde evolved thereby avoiding 
ОЗіМез M R M 
I H _SOCI1^  Д /
2
 J ^
 R A V ^ 
Ri η Τ -MejSiCl K l p - H -HCl R i | | 
R > c r S *o s ^ o 
Scheme 5 1 
protonolysis of the silyl enol ethers4 It would therefore be advantageous if thionyl chlonde could be 
replaced by a sulfinyl transfer reagent giving milder by-products In this chapter the synthesis of α-οχο 
sulfines from silyl enol ethers using sulfinyl transfer reagents other than thionyl chlonde is descnbed 
5 2 RESULTS AND DISCUSSION 
Several sulfinyl transfer reagents have been reported5 6 In the present case the reagent has to fulfil 
the following entena ι it has to be readily available, и it has to be reactive at low temperatures, ш one 
leaving group must be easily be eliminated as its tnmethylsilyl denvative, and the other leaving group 
must be willing to be eliminated as its conjugate acid, iv the by-products should be unreactive species, and 
easily removable In Table 5 1 the results of the reaction of 1-tnmethylsilyloxy-l-cyclohexene la with 
several sulfinyl transfer reagents 2 are collated 
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OSiMei 
+ S 
За 
(not isolated) 
Table 5.1 Synthesis of dihydrothiapyran S-oxide 4a by the addition of silyl enol ether la to sulfinyl 
transfer reagents 2 according to Scheme 5.2. 
reaction 
no Χ Y tempCC) time (h) yield (%) 4a 
2a 
2b 
2c 
CI 
w 
\ / 
CI 
CI 
\ — / 
0
^ ^N^ 
0 
0 
0 
1.5 
1.5 
1.5 
76' 
84 
63 
2d 
σ χ) 20 24 
'The use of 2,6-lutidine as base was necessary. 
29 
It is apparent from Table 5.1 that A/-(chlorosulfinyl)imidazole 2b is a good substitute for thionyl 
chloride. Two pathways can be envisaged for the reactions of 2b (Scheme 5.3). In pathway A silyl enol 
ether 1 reacts with 2b to give Ν-φ-οχο sulfinyl)imidazole 5 and trimethylsilyl chloride. Subsequent 
elimination of imidazole from S furnishes sulfine 3. Pathway В involves the reaction of 1 with 2b to give 
β-οχο sulfinyl chloride 6, together with N-trimethylsilyl imidazole. Subsequent dehydrochlorination then 
yields sulfine 3. It is unfortunate that no intermediate from the reaction of a silyl enol ether of the type la 
with N-(chlorosulfinyl)imidazole 2b could be isolated, or be detected by spectroscopic means. When 
however silyl enol ether lb is used as the starting material, the second elimination step becomes 
impossible, since the necessary α-hydrogen is lacking (Scheme 5.4). The products from this reaction were 
analyzed by 'H-NMR spectroscopy. Although the pertinent signals show some overlap, this analysis 
clearly reveals that product 6b is the predominant one (ca. 85%). From this observation it may be 
concluded that pathway A of Scheme 5.3 is the prefered one. 
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Scheme 5.4 
In the synthesis of an α-οχο sulfine the intermediate compound 6 undergoes dehydrochlorination, 
with /V-trimethylsilyl imidazole serving as the HCl scavenger. This means that the reaction sequence 
involves the formation of a strong acid, namely hydrogen chloride. Therefore, protonolysis of the silyl enol 
ether is still possible. The advantage of 2b as the sulfinylation reagent is however, that it gives a base as a 
product in the first step and therefore no additional base is required. Futhermore, the by-products can be 
removed very easily and completely by filtration and washing with water. 
The synthesis of several dihydrothiapyran 5-oxides 4 by the reaction of silyl enol ethers 1 with 
thionyl chloride 2a or N-(chlorosulfinyl)iinidazole 2b, in the presence of the sulfine trapping diene, is 
compared (Scheme 5.5). The results are collected in Table 5.2. 
OSiMej 
О 
Η 
Χ 
2a 
b 
"Cl 
X = C1 
ooc 
X = - N ' ^ і 
(not isolated) 
Scheme 5.5 \=J 
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Table 5.2 Synthesis of dihydiothiapyran S-oxides 4 by the addition of silyl enol ethers 1 to either 
thionyl chloride 2a or JV-(chloiOsulfinyl)iiiiidazole 2b, according to Scheme S.S. 
silyl enol ether sulfinyl chloride reaction product 
no no X time (h) no yield (%) 
OSiMej 
la | 2a Cla 
2b Imb 
l c Y"1""* 2a CI" 
2b Imb 
Id | 2a CI" 
2b Imb 
l e | 2a CI" 
2b Imb 
If 11,= Me R2 = Ph 2a CI" 
2b Imb 
l g R, =OMe R2 = Ph 2a Cld 
2b Imb 
Ih R ^ O M e R2 = Me 2a CI«1 
2b Imb 
2b Imb-d 
'2,6-Lutidine was used as the base. bIm = Imidazole Obtained as a mixture of diastereomers. 
dTriethylamine was used as the base. 
For silyl enol ethers la, с - f derived from ketones, the yield is improved when N-(chlorosulfinyl)-
imidazole 2b is replaced by thionyl chloride 2a. This is probably attributable to the milder reaction 
1.5 
1.5 
0.5 
2.0 
2.0 
2.0 
0.8 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
4a 
4a 
4c 
4c 
4d 
4d 
4e 
4e 
4f 
4f 
4g 
4g 
4h 
4h 
4h 
76 
84 
85 
89 
75 
78 
92 
87 
72c 
вб' 
87 
54 
45 
0 
35 
65 
conditions and work-up procedure when 2b is used. When silyl ketene acetáis lg and Ih, derived from 
esters, are used as the substrate, the cycloadducts 4 are obtained in yields lower than when 2b is used 
instead of 2a. Since silyl ketene acetáis are better nucleophiles than silyl enol ethers derived from ketones 
the sulfinylation step in the formation of an α-οχο sulfine will not be responsible for the lower yield of 
cycloadduct when 2b is used instead of thionyl chloride. The elimination of hydrogen chloride from the 
intermediate sulfinyl chloride 6 probably proceeds less readily in the case of the methoxycarbonyl 
substituted sulfinyl chlorides 6g and 6h, than from the ketone derived intermediates 6, because of the 
lower acidity of the α-proton adjacent to the ester function in 6g and 6h. This suggestion is supported by 
the better results obtained with substrate Ih when triethylamine is added as extra base. A comparable 
situation was described in Chapter Ш where sulfinyl chlorides derived from esters needed triethylamine as 
the base to give the corresponding sulfines in good yields. 
It is of interest to note that in most cases one diastereomer (racemic) of cycloadduct 4 is obtained 
(4f is the only exception). This means that the α-οχο sulfine is probably produced as a single geometrical 
isomer, the Ε-form. In the subsequent Diels-Alder reaction stereospecific formation of only one 
diastereomer of the cycloadduct takes place (see also Chapter ΙΠ). 
l-Silyloxy-l,3-dienes can also be used to trap α-οχο sulfines, in place of 
2,3-dimethyl-l,3-butadiene (Chapter IV). This trapping diene was used for α-οχο sulfines generated using 
thionyl chloride 2a and №(chlorosulfinyl)imidazole 2b as sulfinylating reagents. The initially obtained 
cycloadducts are hydrolyzed to give thiacyclohexanone 5-oxides (Scheme S.6). The results are collected in 
Table 5.3. 
О 
OSiMej 
R l 1 
1
 1 
R2 
1 
Scheme 5.6 
X
 2 CI 
2) ^ ^ O S i M e a 
<? 
3) Si02, H 2 0 
о 
These results show that sulfinylating reagent 2b gives better yields with la and lb as the 
substrates. The lower yield, and the difference in the ratio of 7 and 8 for substrate 1c in reaction with 2b 
instead of 2a, is probably attributable to the difference in reaction temperature. 
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Table 53 Synthesis of thiacyclohexanone S-oxides 7 and 8 by addition of silyl enol ethers 1 to 
either thionyl chloride 2a orN-(chlorosulfinyl)imidazole 2b, according to Scheme 5.6. 
no 
la 
1c 
silyl enol ether 
OSiMej 
fS 
OSiMe 
ij-y 
sulfinyl chloride 
no 
2a 
2b 
2a 
2b 
X 
Cle 
Imb 
Cla 
Imb 
reaction 
temp (0C) 
10 
0 
20 
0 
time (h) 
16 
3.0 
1.8 
2.0 
product 
no 
7a 
7a 
7c 
8c 
7c 
8c 
yield (%) 
44 
66 
45 
21 
44 
9 
Id OSiMej
 2 a c i a 0 2 5 7 d 4 0 C 
[I ^\ \ 2b Imb 0 3.0 7d 60е 
a2,6-Lutidine was used as the base. bIm = Imidazole. Obtained as mixture of diastereomers. 
An interesting aspect of sulfines 2 is that they can also serve as diene components in cycloaddition 
reactions with electron rich olefins. The stable α-οχο sulfine 3c has been reported to react with ethyl vinyl 
ether to give compound 9c (Scheme 5.7)2·3. The regiochemistry of this cycloadduct was established 
OEt 
05~ 
3c 
.OEt 
59% 9c 
Schemes.! 
unambiguously2^. Another report claimed that an α-οχο sulfine derived from thiochroman-4-one 
5,5-dioxide underwent a cycloaddition reaction with 2-methylpropene7. Later the same authors reported 
that α-οχο sulfines derived from thiochroman-4-one and cyclohexanone did not undergo such a 
cycloaddition reaction8. In contrast, these sulfines gave a series of adducts that could be explained by an 
electrophilic addition of the sulfine to the alkene with concomitant deoxygenation and incorporation of 
chlorine. 
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2b 
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Scheme 5.8 
The reaction depicted in Scheme 5.6 was carried out with isolated sulfine 3c and not with α-οχο 
sulñnes generated ¿л situ. The use of N-(chlorosulfinyl)imidazole seems appropriate to prepare the α-οχο 
sulñnes in situ and to subsequently trap them with ethyl vinyl ether (Scheme 5.8). The results that are 
collected in Table 5.4, show that the 1,4-oxathiin 5-oxides 9 can indeed be obtained from silyl enol ethers, 
albeit in moderate yields. 
Table 5.4 Synthesis of 1,4-oxathiin 5-oxides 9 by cycloaddition reaction of ethyl vinyl ether and 
α-οχο sulfine 3, prepared from silyl enol ether 1 and N-(chlorosulfinyl)imidazole 2b, 
according to Scheme 5.8. 
silyl enol ether 
l a 
1c 
le 
OSiMei 
reaction 
temp (0C) time (h) 
20 
20 
-30 
-40 
4.5 
4.5 
3.0 
3.0 
4.0 
product 
no yield (%) 
9a 54a 
9c 
9e 
9e 
9f 
16 
42 
21 
1 9 b If R ^ P h R2 = Me 0 
'Using thionyl chloride instead of 2b at O'C gave 9a with a yield of 32%. bThe product could not 
be obtained pure. 
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The isolation of these products is impeded by their sensitivity towards hydrolysis When oxathun 
5-oxide 9a was prepared using thionyl chlonde instead of N-(chlorosulfinyl)imidazole 2b the yield was 
substantially lower (32% versus 54%) The milder reaction conditions and work-up procedure using 
N-(chlorosulfinyl)imidazole 2b is probably responsible for this improved result Compound 9f was very 
unstable and could only be charactenzed by spectroscopic means In the case of substrate le, denved from 
dimedone, the reaction temperature is of crucial importance At temperatures above -З^С substantial 
amounts of a by-product, oxathiole 10e, were obtained At CC no oxathun 9e 5-oxide but only oxathiole 
10e was isolated (57%) Compound 9e could also be obtained using thionyl chlonde as the sulfinylatmg 
reagent (cf Scheme 2 11) This oxathiole probably results from a nucleophilic reaction between silyl enol 
ether le and α,α'-dioxo sulfine 3e, denved therefrom This reaction gives a bis β,β'-dioxo sulfoxide which 
undergoes a Pummerer-type reaction to give the isolated oxathiole 10e (Scheme 5 9, cf Scheme 2 11) 
О 
08іМез 
Scheme 5 9 
This compound was not obtained when sulfine 3e was generated in the presence of 2,3-dimethyl-l,3-
butadiene as the trapping reagent (Scheme 5 5), because the sulfine was trapped by the diene before it 
could undergo nucleophilic addition However, when a 2-silyloxy-l,3 diene or ethyl vinyl ether is used as 
trapping reagent, a two-step procedure is than needed to avoid reaction of the trapping reagent with the 
sulfmylating reagent In this procedure the sulfine first is generated, and after 5 minutes the trapping 
reagent is added This means that there is at least a time lag of 5 minutes between the generation and 
trapping of the sulfine Dunng this penod the sulfine can undergo vanous reactions, including nucleophilic 
addition 
Doubly-activated methylene compounds also react with thionyl chlonde to give sulfines as was 
descnbed in Chapter II For the sake of companson some doubly-acüvated methylene compounds were 
also reacted with /V-(chlorosulfmyl)imidazole 2b Only ethyl vinyl ether was used as the trapping reagent 
(Scheme 5 10), because in this case the mild sulfmylating reagent 2b could be advantageous With 2b the 
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eliminated hydrogen chloride was trapped by imidazole to give the salt as a precipitate, whilst for thionyl 
chloride the addition of external base is needed to capture the two moles of hydrogen chloride released. 
The results collated in Table 5.5 show that oxathiin S-oxides 9 can be obtained starting from diketones, 
although the yields are low. Substantial amounts of oxathiole 10 were obtained as by-product. 
1) N ^ -
О 
II 
.s . 
,cr ,OEt 
О О 
9 
О 
R R
 2) Е Ю ' Ч T U Ύ 
11 
Scheme 5.10 
10 
Table 5 J Synthesis of α,α'-dioxo sulfines 3 from diketones 11 and trapping them with ethyl vinyl 
ether according to Scheme 5.10.. 
ketone 
no R 
reaction 
temp (0C) time (h) 
products 
no yield (%) no yield (%) 
lie ( V y ) 
"J Ph 
-20 — 20 
-20 — 20 
1.0 
1.0 
9e 30 
9j 12 
Me 33 
lOj 5 
The results described in this chapter show that N-(chlorosulfinyl)imidazoIe is an attractive 
sulfinylating reagent for the generation in situ of a variety of α-οχο sulfines. 
5.3 EXPERIMENTAL SECTION 
General conditions given in section 3.3 also apply here. 2-Methyl-l-ethoxy-l-trimethylsilyloxypropene 
lb ' , N-(chlorosulfmyl)imidazole 2b5, Ν,Ν'-sulfinylbisimidazole 2c5 and (li-2-pyridyl sulfite 2d6 were 
prepared as described in the indicated literature. Oxathioles 10e and lOj have been described in chapter Π 
and the spectral data were in agreement with those reported there. 
General procedure for the synthesis of dihydropyran S-oxides 4a-g using various sulfmyl transfer reagents 
2. 
Silyl enol ether 1 (4.0 mmol) in dichloromethane (5 ml) was added slowly to a cooled (O^) stirred 
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solution of 2 (5 mmol) and 2,3-dimethyl-l,3-butadiene (3-4 ml) in dichloromethane (20 ml). The reaction 
was monitored by tic (silica gel, light petroleum / ethyl acetate) and stirred at the temperatures and for the 
period indicated in Table 5.2. The reaction mixture was then filtered, washed twice with water and the 
water layers were washed twice with dichloromethane. The combined organic layers were dried (MgSQj) 
and concentrated. The resulting crude product was purified using flash column chromatography (silica gel, 
light petroleum / ethyl acetate) and recrystallized from light petroleum / toluene as outlined in Chapter Ш. 
The spectral data for the respective products 4 were in agreement with those reported in Chapter ΠΙ. 
2-Acetyl-2-phenyl-3,6-dihydro-4£-dimethyl-2H-thiapyran 1 -oxide 4f 
Prepared starting with N-(chlorosulfinyl)imidazole 2b and chromatographed with light petroleum / ethyl 
acetate 1:1 to give pure diastereomeric products. Diastereomer I: 82%. Diastereomer II: 4%. (Using 
thionyl chloride as sulfinyl transfer reagent: Diastereomer I: 66%. Diastereomer II: 6%.) 
2-Methoxycarbonyl-2-methyl-3,6-dihydro-4\5-dimeihyl-2H-thiapyran. 1-oxide 4h 
The procedure given for 4a was followed but triethylamine (0.04 ml, 0.5 mmol) was added to the reaction 
mixture prior to the addition of silyl enol ether Ih (0.72 g, 4.0 mmol). 
Ethyl 2-(chlorosulfinyl)-2-methyl-propionate 6b 
The procedure of Sergeev10 was slightly modified. 2-Methyl-l-ethoxy-l-trimethylsilyloxypropene (7.0 
mmol, 0.94 g) in dichloromethane (5 ml) was added slowly to a cooled (-780C) stirred solution of thionyl 
chloride (7.0 mmol, 0.51 ml) in dichloromethane (20 ml). The reaction mixture was allowed to reach room 
temperature and 6b was obtained in a quantitative yield after evaporation of the volatile compounds. 
IR(CC14): 1745, 1718 c n r ^ O ) , 1160 c m H S ^ ) . Ή NMRíCDCl·,): δ 1.27 (t, 3H, J 7.3 Hz, СНз-СН2), 
δ 1.60 (s, 6H, CHj-C), δ 4.16 (q, 3H, J 7.3 Hz, CH3-CH2). 
Ethyl 2-(N-imidazolylsulfìnyl)-2-methyl-propionate Sb 
To a solution of imidazole (10 mmol, 0.68 g) in dichloromethane (20 ml) at room temperature sulfinyl 
chloride 6b (5.0 mmol, 1.0 g) in dichloromethane (5 ml) was added and the reaction mixture was stirred 
for Ih. The imidazolium chloride was removed by filtration. The filtrate was concentrated to give pure 5b 
as a colorless oil in a quantitative yield. IRiCCU): 1745, 1718 cm1(C=0), 1135 cnvHS^). 'H 
NMRÍCDClj): δ 1.24 (t, 3H, J 7.2 Hz, СЩ-СЩ, δ 1.43 (s, 3H. CHj-C), δ 1.58 (s, 3H, CHj-C), δ 4.13 (q, 
3H, J 7.2 Hz, СНз-СН2), δ 7.17 (s, 2H, H-C=C), δ (s, IH, N=CH-N). MS(CI) m/e 231 (M+l). 
General procedure for the synthesis of thiacyclohexanone S-oxides 7a, c, d and Sa from silyl enol ethers 
la,c and d and N-(chlorosulfinyl)midazole 2b. 
Silyl enol ether 1 (4.0 mmol) in dichloromethane (5 ml) was added to a cooled (Table 5.3) stirred solution 
of 2b, prepared from imidazole (0.68 g, 10.0 mmol) and thionyl chloride (0.38 ml, 5.0 mmol), in 
dichloromethane (20 ml) and the reaction mixture was maintained at this temperature for 5 minutes. Then 
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the l-silyloxy-l,3-diene (3 ml) was added and the reaction mixture was stirred for the period and at 
temperature indicated in Table 5.3. The reaction mixture was then filtered, washed twice with a saturated 
solution of NH4CI, the NH4CI solution washings were extracted twice with dichloromethane, and the 
combined organic layers were concentrated. The crude product was dissolved in dichloromethane (4 ml), 
moist silica gel (4 g) was added and the suspension was brought on a silica column and then purified using 
flash column chromatography (silica gel, diisopropyl ether / ethyl acetate), as outlined in Chapter IV. The 
spectral data of the respective products were in agreement with those reported in Chapter IV. 
l-Oxo-3,4-dihydro-2H-mphthalene-2-spiro-2' -thiacyclohexan-5' -one Γ-oxide la 
Chromatographed with diisopropyl ether / ethyl acetate 2:1 to give pure diastereomers. Diastereomer I: 
56%. Diastereomer Π: 4% ((Using thionyl chloride as sulfinyl transfer reagent: Diastereomer I 30%. 
Diastereomer Π: 10%.) 
General procedure for the synthesis of 2J-dihydro-l,4-oxathiin S-oxides 9a, e, e and f from silyl enol 
ethers la,c, e and f and N-(chlorosuIfinyl)imidazole 2b. 
The procedure given for 7 was followed but ethyl vinyl ether (3 ml) was used instead of 
l-sUyloxy-l,3-diene. The reaction conditions given in Table 5.4 were used. The crude product was purified 
using short path chromatography (silica gel, petroleum ether / ethyl acetate) 
2J-Dihydro-2-ethoxy-cyclohexeno[12-e]-l,4-oxathiin 4-oxide 9a 
Chromatographed with light petroleum / ethyl acetate 1:1 to give two diastereomers. ІЩССІ,,): 1640 
cm-^CsC-O), 1052 cnrHSO). Diastereomer I (10%): 'H NMRiCDClj): δ 1.14 (t. ЗН, J 7.0 
Н2,СНз-СН), δ 1.02-2.86 (m, 8Η), δ 3.09 (dd, IH, J 1.5 Hz, / 13.0 Hz, S(O)-CH-C), δ 3.47-4.18 (m, ЗН), 
δ 5.30 (dd, IH, / 1.5 Hz, J 10.0 Hz, O-CH-C). MS (CI) m/e 217 (M+l). Diastereomer Π (44%): Ή 
NMR(CDCl3): δ 1.22 (t, ЗН, / 7.0 Hz, СН3-СН), δ 1.50-2.94 (m, 8Η). δ 2.98-3.45 (m, 2H, S^-CHj-C), δ 
3.60-4.31 (m, 2H, 0-СН
г
СНз), δ 5.28 (dd, IH, / 3.0 Hz. J 4.5 Hz, O-CH-C). Caled, for CioHpOjS 
(M+l) m/e 217.0898, found m/e 217.0896. 
2J-Dihydro-indeno[l 2-e]-2-ethoxy-l ,4-oxathiin 4-oxide 9c 
Chromatographed with ethyl acetate to give one diastereomer. m.p. 116 - 1170C Git·2,3 119 - 1210C). The 
spectral data were in agreement with those reported in the literature.2·3 
2 J-Dihydro-2-ethoxy-(5'¿'-dimethyl-S'-oxocyclohexeno)[l,2-е]·],4-oxathiin 4-oxide 9e 
Chromatographed with light petroleum / ethyl acetate 1:1. ЩССЦ): 1662 стЧСИЭ), 1598 стл(С=С-0), 
1038 ст-ЧЗгЮ). Ή NMRiCDC^): δ 1.09 (s, 6H, CH3), δ 1.25 (t, ЗН, J 7.2 Hz, CHj-CH), δ 2.27 (s, 2H, 
CHi), δ 2.33 (s, 2H, CH2), δ 2.83-2.95 (m, 2H, S(0)-CH2-C), δ 3.50-4.11 (m, 2H, 0-СН2-СНз) δ 5.30 (t, 
IH, J 3.0 Hz, O-CH-O). MS (CI) m/e 243 (M+l-O). 
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5-Benzoyl-2^-dihydro-2-ethyoxy-6-pheny¡-],4-oxathiin 4-oxide 9j 
The procedure given for 9a was followed, but dibenzoylmethane (0.90 g, 4.0 mmol) was used as the 
substrate instead of silyl enol ether la. Chromatographed with light petroleum / ethyl acetate 1:1 and 
recrystallized from light petroleum / toluene, m.p. 161 - 1620C. ІЩССЦ): 1662 спгЧС^). 1595 
cm-
1(C=C-0), 1041 c m ^ S O ) . Ή NMRíCDClj): δ 1.38 (t, ЗН, J 7.0 Hz, CHj-CH), δ 2.80 (dd, IH, J 9.5 
Hz, J 13.5 Hz, S(O)-CH-C), δ 3.41 (dd, IH, J 1.0 Hz, J 13.5 Hz, S(O)-CH-C), δ 3.76-4.47 (m, 2H, 
0-СН
г
СНз) δ 5.80 (dd, IH. J 1.0 Hz. J 9.5 Hz. О-СН-О), δ 6.91-7.41 (m. 8H, arom), δ 7.50-7.73 (m, 2H. 
arom). Caled, for С^НиОдЗ (342.416): С 66.65. H 5.30; found: С 66.40, H 5.32. 
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C H A P T E R VI 
THE REACTION OF l-TRIMETHYLSILYLOXY-l,3-DIENES WITH THIONYL CHLORIDE 
AND ARENESULFINYL CHLORIDES 
6.1 INTRODUCTION 
In Chapter Ш and V the reaction of silyl enol ethers with thionyl chloride and JV-(chlorosulfmyl)-
imidazole was described. These reactíons initially lead to β-οχο sulfinyl chlorides which in presence of 
base eliminate hydrogen chloride to produce α-οχο sulfines (see Scheme 3.2 and Scheme 5.3). 
Two pathways can be envisaged for the reaction of l-silyloxy-l,3-dienes with thionyl chloride. 
Thionyl chloride can react either at the α-position to give an o-oxo sulfine or at the γ-position ω produce a 
γ-οχο sulfine, as is outlined in Scheme 6.1. 
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For several l-silyloxy-l,3-dienes the reactivity of the a- versus the γ-position towards electrophiles 
has been investigated1·2·3·4. The reaction usually takes place preferentially at the γ-position, however, the 
electrophile and substituents on the l-silyloxy-l,3-diene may influence the course of the reaction. 
Benzenesulfenyl chloride reacts almost entirely at the γ-position2. With carbon electrophiles the stability 
of the carbocation involved is the deciding factor1. The more stable this carbocation is, the more γ-attack is 
observed. In the case of l-silyloxy-1.3-dienes derived from esters there is a steric effect of the alkoxy 
group2. 
The aim of the study described in this chapter was to investigate the reaction of thionyl chloride 
and arenesulfinyl chlorides with l-silyloxy-l,3-dienes. 
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6.2 RESULTS AND DISCUSSION 
6.2.1 Synthesis of y-oxo-afi-unsaturated sulfines 
The reaction of thionyl chloride with 1-silyloxydienes would be expected to proceed at the 
γ-position to give γ-οχο-α,β-unsaturated sulfines, in view of the preferential reaction at the γ-position with 
several other electrophiles. There is one example of such a type of sulfine reported in the literature5. It was 
prepared by singlet-oxygen oxidation of 2,5-dimethylthiophene in methanol. Unfortunately, this method is 
limited to 2,5-dimethylthiophene, other substituted thiophenes failed to give sulfines upon photo-oxidation. 
The reaction of some l-silyIoxy-l,3-dienes 1 with thionyl chloride leads to γ-οχο-α,β-unsaturated 
sulfines 3, which however need to be trapped as their cycloadducts with 2)3-dimethyl-l,3-butadiene, as is 
shown in Scheme 6.2. The first step in the reaction of l-silyloxy-l,3-diene 1 with thionyl chloride probably 
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O R, 
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Table 6.1 The reaction of l-silyloxy-l,3-dienes with thionyl chloride, according to Scheme 6.2. 
1 -silyloxy-1,3-diene reaction products 
temp ( 0Ο no yield (%) no yield (%) 
la Η 
lb Ph 
1c MeO 
Η 
Η 
Me 
-10a 
-40/-50ь 
-10a 
-40/-SO0 
-40/-50ь 
4а 
4а 
4Ь 
4Ь 
4с 
-
tar 
-
27 
34 
5а 
5а 
5Ь 
5Ь 
5с 
35 
-
31 
7 
_ 
a2,6-Lutidine was used as base. bTriethylamine was used as base. 
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is the formation of δ-οχο sulfinyl chloride 2 with concomitant elimination of trimethylsilyl chloride. 
Subsequent dehydrochlorination gives sulfine 3, which reacts in situ with 2,3-dimethyl-l,3-butadiene to 
give dihydrothiapyran S-oxide 4. This cycloadduct 4 may undergo a Pummerer reaction to give thiapyran 
5, depending on the reaction conditions. This Pummerer reaction can be induced by either thionyl chloride, 
trimethylsilyl chloride or hydrogen chloride6·7. The results are collected in Table 6.1. Products 4b was 
obtained as mixtures of diastereomers. The exact composition could not be established by 'H NMR 
spectroscopy. Compond 4c also consists of diastereomers. 
Only products arising from γ-addition to the silyloxy diene were observed, but α-addition cannot be 
excluded in view of the low yields that were obtained. 
6.2.2 Synthesis ofy-arylsulfinyl-afi-unsatwated carbonyl compounds. 
Silyl enol ethers also react with arenesulñnyl chlorides8. 1-Silyloxy-1,3-dienes were therefore also 
subjected to reactions with some arenesulfinyl chlorides. Reaction occurs exclusively at the γ-position, as 
depicted in Scheme 6.3. The results obtained are collected in Table 6.2. 
О 
ОЗіМез R2 
1 
Scheme 63 
The reaction of l-silyloxy-l,3-dienes 1 with arenesulfinyl chlorides 6 gives sulfoxides 7 in good 
yields. In all cases only γ-addition was observed and no α-addition. When Rt=H, aldehydes are formed, 
the purification of which is accompanied by a considerable loss of material. For this reason their estimated 
yields are shown in parenthesis. When a ketone or ester function is present, compound 7 could be purified 
using column chromatography and be isolated in a good yield. There was no significant influence by the 
aryl substituent on the yields. 
In all cases, except sulfoxides 7c, only the product with the £-geometiy was isolated. In the case of 
sulfoxides 7c a substantial amount of the Z-isomer was also isolated. In products 7d and e two new chiral 
centers are introduced, one at C-γ and one at sulfur. The corresponding diastereomers are formed in almost 
equal amounts, as was deduced from the ^-NMR spectra. It should be noted that products 7 were 
prepared to serve as starting material for the reaction described in Scheme 6.6, where a mixture of 
diastereomers could be used without any problem (vide infra). 
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Table 62 The synthesis of Y-arylsulfinyl-a,ß-unsaturated carbonyl compounds 7, according to 
Scheme 6.3. 
silyloxydiene 
no 
arenesulfinyl chloride 
no 
61 
6Π 
6UI 
61 
6Π 
6III 
61 
611 
6ΠΙ 
61 
611 
6Ш 
61 
611 
6III 
X 
Me 
H 
Cl 
Me 
H 
Cl 
Me 
H 
Cl 
Me 
H 
Cl 
Me 
H 
Cl 
product yield (%)* 
no Isolated (estimated)b 
la H H 
lb Ph H 
le MeO Me 
Id H H 
le МезЗЮ 
H 
H 
H 
Et 
7al 
7aII 
7аПІ 
7Ы 
7MI 
7ЫП 
7cl 
7cU 
7сШ 
7dl 
7dII 
7dIII 
7cl 
7еП 
7eIII 
-
30 
26 
76 
86 
93 
84e 
9 1 d 
63d 
-
55 
35 
77 
81 
61 
(90) 
(70) 
(75) 
(90) 
(75) 
(75) 
"Only the £-isomer was isolated. '"Estimated by 'H-NMR. C£:Z = 75:25. d£:Z = 70:30. 
6.2.3 Some reactions ofy-arylsulfmyl-afi-unsamrated carbonyl compounds 
The γ-positìon in the products 7 described in the preceding section is flanked by the enone moiety 
and the sulfoxide group and the γ-proton will therefore be rather acidic. Removal by base leads to a 
dienolate which on reaction with an electrophile may lead to a- and / or γ-substitution products. In Scheme 
6.4 this reaction is shown for 7cl, with methyl iodide as the electrophile. The rado of a- and γ-methylated 
product depends strongly on the base and solvent used. The results are summarized in Table 6.3. With 
n-butyllithium as the base in tetrahydrofuran the γ-methylated product is obtained almost exclusively. In 
the presence of hexamethylphosphoramide (HMPA) the α-product predominates. When potassium 
terr-butoxide was used as the base a mixture of the a- and γ-product was obtained. With the Grignard 
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reagent ím-butylmagnesium bromide, which only acts as a base, γ-substitution was strongly favored. The 
structures of the products 7f and 7g were deduced from their spectral features and those of the 
corresponding sulfones 8. The results presented above seem to indicate that changing the magnesium or 
lithium for the more polar potassium dienolate favors a-methylation. The effect of HMPA, which will 
enhance the ionic character of the lithium dienolate, is in agreement herewith. 
Table 63 Methylation of 7cl by methyl iodide using various bases, according to Scheme 6.4. 
base solvent yield 7f(%) yield 7g(%) 
45 
trace* 
24 
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•Detected by 'H-NMR in the crude product. 
A second property of the products 7 that was explored, is the [2,3]-sigmatropic rearrangement of 
their allyl sulfoxide moiety. It is well known that allyl sulfoxides can undergo a [2,31-sigmatropic 
rearrangement (Mislow rearrangement) to give allyl sulfenate esters, which are usually intercepted by a 
thiophilic reagent to produce allyl alcohols as the ultimate products9,10. It was found however that a 
rearrangement of products 7 could not be accomplished without protection of the carbonyl containing 
group. As most thiophilic reagents have a basic nature, a base stable protecting function was chosen, viz. 
an acetal. Through this protection the allyl sulfoxide moiety is no longer conjugated with the carbonyl and 
a facile Mislow rearrangement is expected. The introduction of the acetal protecting moiety needs to be 
performed under mild conditions in order to prevent Pummerer-type reactions or elimination of the 
sulfoxide or migration of the double bond. The best results were obtained with products 7 when the 
aldehyde group was converted into the corresponding dimethylacetal using trimethyl orthoformate with a 
trace amount of camphor-10-sulfonic acid in methanol11. Quantitative conversion into acetáis 9 was then 
achieved. For the ketones 7 this method was inadequate. Other methods, e.g. l,2-di(trimethylsilyloxy)-
ethane with a small amount of trimethylsilyl methanesulfonate, a known mild reagent12, were attempted, 
but with no success. 
The rearrangement of acetáis 9 could be accomplished smoothly using diisopropylamine as 
thiophilic reagent (Scheme 6.5). The results are collected in Table 6.4. Because of the limited stability of 
78 
OSiMe 
Scherm 65 
the aldehydes 7, they were converted into their acetáis 9 without punfication In fact, starting from silyloxy 
diene 1 the conversion to allyl alcohols 10 needed only one punfication, viz bulb to bulb distillation of the 
final product The results indicate that the Mislow rearrangement proceeds better with substrates 9 having 
an electron-withdrawing aryl substituent This is in accord with the generally observed behavior of this 
type during [2,3]-rearTangement9 The reaction conditions for the rearrangement of 9 into 10 are important 
The best results were obtained in methanol as the polar reaction medium This finding is in contrast with 
Mislow's report in which a deceleration of the [2,3]-rearrangement by an increase of the solvent polarity 
was usually observed9 The different behaviour of 9 in this respect cannot yet be explained 
Table 6 4 Synthesis of allyl alcohols 10, according to Scheme 6 5 
A The influence of the arylsulfinyl group Reaction conditions for the conversion of 9 into 10 
dnsopropylamine in methanol at 5№C for 7 days 
yield 10a (%)a yield lOd (%)" 
Ar R=H R=C2H5 
р-СНзС6Н4 
CsHs 
р-С6Н4С1 
35 (39) 
30 (43) 
36 (48) 
43 (48) 
40 (53) 
60(80) 
В The influence of solvent and temperature on the conversion of 9αΠ (Ar= C6H5, R=C2H5) into lOd 
(R=C2H5) 
solvent temp (0C) time (day) yield (%)" 
MeOH 
MeOH 
ecu 
50 
60 
60 
7 
1 
1 
40 (53) 
69 (92) 
39(52) 
Overall yield of isolated allyl alcohol 10 from silyloxy diene 1; the estimated yield (using 
^-NMR) of the conversion of 9 into 10 is given in parenthesis 
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A third reaction that was given some attention, was the elimination of arenesulfenate on heating. 
Product 7el was converted into dienone l ie on gentle heating in carbon tetrachloride (Scheme 6.6). This 
О 
МезвіО 
OtBu OtBu 
overall 72% 
OtBu 
Мез8іО 2)CCl4,70oC o · ^ ^ ^ ^ 
1) NaI04 
73% overall 70% 
ref.2 
Scheme 6.6 
élimination enables the preparation of dienone l ie from silyloxy diene le in a good overall yield. This 
reaction sequence bears some resemblance to the method used by Fleming et a/.2, involving the initial 
reaction of a comparable silyloxy diene with benzenesulfenyl chloride, followed by oxidation to the 
corresponding sulfoxide using periodate and subsequent heating in carbon tetrachloride (see bottom line in 
Scheme 6.6). The method presented here is more efficient since it needs only two steps instead of the three 
used by Fleming et al., although the overall yield is,almost the same. 
6.3 EXPERIMENTAL SECTION 
The general remarks given in section 3.3 also apply for the experiments in this section. The trimethylsilyl 
enol ethers of crotonaldehyde13, l-phenyl-2-butenone2, methyl 3-methylcrotonate2, 2-hexenal13 and 
4a-methyl-4,4a,5,6,7,8-hexahydro-3H-naphthale-2-one14 were prepared as described in the indicated 
literature. p-Toluenesulfinyl chloride, benzenesulfinyl chloride and p-chlorobenzenesulfinyl chloride were 
prepared as reported by Youn and Herrmann15. 
General procedure for dihydrothiapyran 1-oxides 4 and thiapyranes 5. 
Silyl enol ether 1 (4.0 mmol) in dichloromethane (5 ml) was added slowly to a cooled (see Table 6.1) 
stirred solution of thionyl chloride (0.31 ml, 4.2 mmol), base (4.4 mmol, see Table 6.1)) and 
2,3-dimethyl-l,3-butadiene (3-4 ml) in dichloromethane (20 ml) and maintained at this temperature for 2h. 
The reaction mixture was washed twice with water and the washings were extracted twice with 
dichloromethane. The combined organic layers were dried (MgSC^) and concentrated. The resulting crude 
product was purified using flash column chromatography (silica gel, light petroleum / ethyl acetate or 
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dichlorotnethane) and crystallized from light petroleum / toluene. 
3,6-Dihydro-4J-dim£thyl-2-(3' -oxo-3' -phenyl-prop-2' -enyl-1' )-2H-thiapyran 1-oxide 4b 
Chromatographed with light petroleum / ethyl acetate 1:1 and crystallized from light petroleum / toluene to 
give a mixture of diastereomers. m.p. 107-122oC. IR(KBr): 1678 cnr'CCO), 1617 спгЧСгС), 1050 
crn-^SO). •н ММК(СОСІз): δ 1.73 (s, 6H, СНз-С=С), δ 2.39-3.94 (m, 5Н), δ 6.64-7.34 (m, 2H, 
CH=CH), δ 7.40-7.60 (m, ЗН, arom). δ 7.71-8.02 (m, 2H. arom). Caled, for C I 6 H 1 8 0 2 S (274.385): С 
70.04. H 6.61; found: С 70.12,70.18, H 6.48, 6.53. 
3,6-Dihydro-4¿-dimethyl-2-(l ' ethoxy-1 ' -oxo-but-2' -епуІ-З' )-2H-thiapyran 1 -oxide 4c 
Chromatographed with light petroleum / ethyl acetate 2:1 to give a mixture of diastereomers that could be 
seperated by crystallization from light petroleum / toluene. Diastereomer I: m.p. 106-107oC. IR(KBr): 
1712 c m - ' ^ O ) , 1643 c m ' ^ C ) , 1045 c m ^ S O ) . •H NMRÍCDCIj): δ 1.70 (s, 6H, СНз-С=С), δ 2.30 
(s, ЗН, СНз-С=С), δ 2.38-2.57 (m, 2H, CH2-C=C), δ 3.18-3.80 (m, ЗН), δ 3.70 (s, ЗН, OCHj), δ 5.95 (s, 
IH, C(0)-CH=C). Caled, for С12Н18Оз8 (242.339): С 59.48, H 7.49; found: С 59.56, 59.54, H 7.50, 7.50. 
Diastereomer Π: mother liquid. IR(CC14): 1713 спгЧС^), 1643 с т Ч С ^ ) , 1056 cm-1(S=0). Ή 
NMRíCDCl·,): δ 1.73 (s, 6Η, СНз-С=С), δ 2.30 (s, ЗН, СНз-С^), δ 2.26-2.58 (m, 2Η, СН2-С=С), б 3.55 
(s, 2Н, S(0)-CH2-C=C), δ 3.69 (s, ЗН, OCHj), δ 5.40 (dd, IH, J 7.0 Hz and J 8.0 Hz, S(O)-CH), δ 5.99 (s, 
IH, C(0)-CH=C). MS(EI) п е 243 (M++l). 
4,5-Dimethyl-6-(3''-oxo-prop-2''-enyl-Г')-2H-thiapyran 5а 
Chromatographed with light petroleum / ethyl acetate 4:1 and crystallized from light petroleum / toluene. 
m.p. 57-590C. IR(KBr): 1665 с т ' Ч С ^ ) , 1590 с т ' Ч С ^ ) . Ή NMRCCDCl·,): δ 1.82 (s, ЗН, СНз-С=С), δ 
1.92 (s, ЗН, СНз-С=С), δ 3.29 (s, 2H, -CH2-), δ 6.37 (dd, IH, J 14 Hz and У 7.5 Hz, C(0)-CH=C), δ 6.64 
(s, IH), δ 7.14 (d, IH, У 14Hz), 6 9.62 (d, IH,/7.5 HzJi-C(O)). MS(CI) m/e 181 (ΝΓ+1). 
4£-Dimethyl-6-(3'-oxo-3'' -phenyl-prop-2'-enyl-l')-2H-thiapyran Sb 
Chromatographed with dichloromethane and crystallized from light petroleum / toluene, m.p. 
112.5-114.50C. IR(KBr): 1650 с т Ч С ^ ) , 1592 cm"1 (OC), 1580 спгЧагот). іц NMRíCDClj): δ 1.81 
(s, ЗН, СНз-С=С), δ 1.90 (s, ЗН, CH3-OC), δ 3.27 (s, 2Η, CH-¡), δ 6.02 (s, IH, J 15 Hz,), δ 7.17 and 
7.55(ABq, IH, J 15 Hz. C(0)-CH=CH), δ 7.30-7.58 (m, ЗН, arom), δ 7.87-8.06 (m, 2H, arom). MS(CI) 
m/e257(M++l). 
General procedure for y-(arylsulfmyl)-a,$-unsaturated carbonyl compounds 7. 
To a stirred solution of l-silyloxy-l,3-diene 1 (4.0 mmol) in dichloromethane (4 ml) at -780C arenesulfinyl 
chloride б (4.0 mmol) in dichloromethane (4 ml) was slowly added. After 2h the cooling bath was removed 
and the temperature was alowed to raise to room temperature. Evaporation of the volatile compounds gave 
the crude product that was subjected to flash column chromatography (silica gel, light petroleum / ethyl 
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acetate) and crystallized from light petroleum / toluene. 
4-(p-Tolylsulfìnyl)-2-butenal lal 
The crude oily product was not purified. IR(neat): 1685 cm-'iCMD), 1630 стп-1(С=С), 1040 cm-HSO). Ή 
NMR(CDCl3): δ 2.38 (s, 3H, Ofyolyl), δ 3.61 and 3.89 (d of ABq, 2H, J 12.6 Hz and J 7.5 Hz, CH2), δ 
6.08 (d of ABd, IH, J 15.0 Hz and J 7.5 Hz, C(0)-CH=C), δ 6.61 (t of ABd, IH, J 15.0 Hz and J 7.5 Hz,), 
δ 7.33-7.46 (m, 4H, arom), δ 9.48 (d, IH, У 7.5 Hz, Н-С(О)). 
4-(Phenylsulfìnyl)-2-butenal 7аП 
Chromatographed with light petroleum /ethyl acetate 2:3 to give an oil. IR(neat): 1680 спгЧС^), 1630 
стЧСМ:), 1040 cm-'íS^). Ή NMRCCDClj): δ 3.62 and 3.87 (d of ABq, 2H, J 13.5 Hz and / 7.5 Hz, 
CHj), δ 6.06 (d of ABd, IH, J 15.0 Hz and J 7.5 Hz, C(0)-CH=C), δ 6.60 (t of ABd, IH, J 15.0 Hz and J 
7.5 Hz,), δ 7.54 (s, 5H, arom), δ 9.47 (d, IH, J 7.5 Hz, H-C(O)). Caled, for Ο,οΗ,,Ο^ (M++l), m/e 
195.0480; found m/e 195.0480. 
4-(р-СЫогорНепуІ5иІГіпуІ)-2-ЬшепаПаШ 
Chromatographed with light petroleum /ethyl acetate 1:1 to give an oil. IR(neat): 1685 cm^CC^), 1630 
с т Ч С ^ ) , 1050 cm-\S=0). lH NMRCCDClj): δ 3.63 and 3.90 (d of ABq, 2H, / 13.0 Hz and J 7.0 Hz, 
СНг), δ 6.12 (d of ABd, IH, J 15.7 Hz and J 7.5 Hz, C(0)-CH=C), δ 6.60 (t of ABd. IH, J 15.7 Hz and J 
7.7 Hz,), δ 7.16-7.73 (m, 4H, arom), δ 9.45 (d, IH, J 7.5 Hz, Н-С(0)). 
l-Phenyl-4-(p-tolylsulflnyl)-2-butenon7bl 
Chromatographed with light petroleum / ethyl acetate 1:2 and crystallized from light petroleum / toluene. 
m.p. 830C. IR(KBr): 1660 спгЧСО), 1615 c r n ^ C ^ ) , 1050 enf^SO). Ή NMRCCDCl·,): δ 2.32 (s, ЗН, 
СНзЮІуІ), δ 3.46-4.15 (m, 2Н, SCO-CH^, δ 6.43-7.00 (m, 2Η, СН=СН), δ 7.13-7.90 (m, 9Н, arom). 
Caled, for C17H1602S (284.380): С 71.80, H 5.67; found: С 71.29, 71.68, H 5.70,5.73. 
l-Phenyl-4-(phenylsulfinyl)-2-butenon7bll 
Chromatographed with light petroleum / ethyl acetate 1:2 and crystallized from light petroleum / toluene. 
m.p. 530C. IR(CC14): 1670 cm-1(C=0), 1620 спгЧС^), 1050 cnr ' íSO). ^H NMRíCDClj): δ 3.48-3.97 
(m, 2H, S(0)-CH2), δ 6.47-7.03 (m, 2H, CH=CH), δ 7.22-7.90 (m, ЮН, arom). Caled, for C16H1502S 
(M++l), m/e 271.0793; found m/e 271.0796. 
l-Phenyl-4-(p-chlorophenylsulfinyl)-2-butenonlbl\l 
Chromatographed with light petroleum / ethyl acetate 1:2 and crystallized from light petroleum / toluene. 
m.p. 1110C. IR(KBr): 1665 с т Ч С ^ ) , 1610 с т Ч С ^ ) , 1050 c m ^ S ^ ) . Ή NMRÍCDC^): δ 3.50-4.26 
(m, 2Η. S(0)-CH2), δ 6.43-7.04 (m, 2H, CH=CH)> δ 7.23-7.93 (m, 9H, arom). Caled, for C^HuC^Sa 
(304.798): С 63.05, H 4.30; found: С 62.72, H 4.32. 
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Methyl 3-methyl-4-(p-tolylsulfinyl)crotonate 7cl 
Chromatographed with light petroleum / ethyl acetate 1:1 to give separated E- and Z-isomers. £-isomer: 
(63%) Crystallized from light petroleum / toluene, m.p. 80-85oC. IR(KBr): 1705 cm-1(C=0). 1640 
c r n - ^ C ) , 1050 cm-HSO). •H NMRíCDClj): δ 2.17 (s, ЗН, CHj), δ 2.38 (s, ЗН, CHjtolyl), δ 3.51 (s, 
2H, S(0)-CH2), δ 3.63 (s, ЗН, OCHj), δ 5.66 (s, IH, CH=C), δ 7.28 and 7.46 (ABq, 4H, J 8.6 Hz, arom). 
MS(EI) m/e 252 (M+). Caled, for C1 3Hi603S (252.335): С 61.88, Η 6.39; found: С 61.47, 61.34, Η 6.43, 
6.49. Z-isomer: (21%) oil. Ή NMRÍCDCl·,): δ 1.95 (s, ЗН, CHj), δ 2.37 (s, ЗН, СНзЮІуІ), δ 3.86 and 4.37 
(ABq, 2H, ƒ 11.3 Hz, S(0)-CH2), δ 3.62 (s, ЗН, OCHj), δ 5.89 (s, IH, CH=C), δ 7.30 and 7.59 (ABq, 4H, J 
8.6 Hz, arom). 
Methyl 3-methyl-4-(phenylsulfinyl)crotonate 7сП 
Chromatographed with light petroleum / ethyl acetate 1:1 to give separated E- and Z-isomers. E-isomen 
(64%) Crystallized from light petroleum / toluene, m.p. 770C. ЩССЦ): 1720 c m ^ C ^ ) , 1640 
с т Ч С ^ ) , 1055 «^48=0). Ή NMRiCDCl·,): δ 2.15 (s, ЗН, CHj), δ 3.50 (s, 2Η, S(0)-CH2), δ 3.60 (s, 
ЗН, OCHj), δ 5.61 (s, IH, CH=C), δ 7.34-7.73 (m, 5Η, arom). MS(EI) m/e 238 (M+). Z-isomer: (27%) oil. 
IR(CCl4): 1710 cmHC^O), 1640 c r n ' ^ C ) , 1050 «^48=0). Ή NMRíCDCy: δ 1.96 (s, ЗН, СНз),6 
3.85 and 4.43 (ABq, 2Н, J 11.7 Hz, S(0)-CH2), δ 3.62 (s, ЗН, OCHj), δ 5.87 (s, IH, CH=C), δ 7.31-7.91 
(m, 5Η, arom). MS(EI) m/e 238 (M+) 
Methyl 3-methyl-4-(p-chlorophenylsulfinyl)crotonate 7сІП 
Chromatographed with light petroleum / ethyl acetate 2:1 to give separated E- and Z-isomers. E-isomcr: 
(44%) oil. IR(CCl4): 1720 c m ^ C O ) , 1640 спгЧС^), 1060 cm'íSMD). Ή NMRíCDClj): δ 2.16 (s, ЗН, 
СНз), δ 3.53 (s, 2Н, S(0)-CH2), δ 3.65 (s, ЗН, ОСН3), δ 5.63 (s, IH, CH=C), δ 7.53 (s, 4Η, arom). MS(EI) 
m/e 272 (M+). Z-isomer: (19%) oil. IRÍCCL,): 1710 c m ' í C ^ ) , 1640 cm1(C=C), 1060 cm' íSO) . 'H 
NMRÍCDCl·,): δ 2.01 (s, ЗН, СНз),6 3.81 and 4.44 (ABq, 2Н, У 11.7 Hz, S(0)-CH2), δ 3.63 (s, ЗН, ОСН3), 
δ 5.92 (s, IH, CH=C), δ 7.46 and 7.64 (ABq, 4H, J 9.0 Hz, arom). MS(ED m/e 272 (M+). 
4-(p-Tolylsulfinyl)-2-hexenal 7dl 
The crude product was not purified and was an oil that contained two diastereoisomcrs. IR(neat): 1690 
с т Ч С ^ ) , 1630 с т Ч С ^ ) , 1055 and 1045 c r n ^ S ^ ) . lH NMR(CDC13): δ 1.06 (t, 3H, J 7.7 Hz, 
СН2-СНз), δ 1.43-2.30 (m, 2H. СН2-СНз), δ 2.37 (s, SH.Otyolyl), δ 3.03-3.87 (m, IH, S(0)-CH), δ 
5.78-6.51 (m, 2H, CH=CH), δ 7.18-7.50 (m, 4H, arom), δ 9.38 (d, 0.5H, J 6.0 Hz, H-C(O)), δ 9.46 (d, 
0.5Н,У6.0Нг,Н-С(О)). 
4-(Phenylsulfinyl)-2-hexenal 7dII 
Chromatographed with light petroleum / ethyl acetate 1:2 and was an oil that contained two 
diastereoisomers. »(CCI,,): 1690 cm-1(C=0). 1630 с т Ч С ^ , 1055 and 1045 c m ' i S O ) . •H 
83 
NMRíCDClj): δ 1.11 (t, 3H. J 7.5 Hz, СН2-СНз), δ 1.38-2.40 (m. 2H, СН2-СНз), δ 3.00-3.66 (m, IH, 
S(O)-CH), δ 5.72-6.53 (m, 2H, CH=CH), δ 7.43 (s, 2.5H, atom), δ 7.47 (s, 2.5Η, arom), δ 9.37 (d. 0.5H, / 
7.6 Hz, H-C(O)), δ 9.45 (d, 0.5H, / 7.6 Hz, H-C(O)). 
4-(p-Chlorophenylsutfinyl)-2-hexenana\\l 
Chromatographed with light petroleum / ethyl acetate 1:2 to give an oil that contained two 
diastereoisomers. IR(neat): 1690 с т ' Ч С ^ ) , 1630 c m ^ C ^ ) , 1055 and 1045 cm-1(S=0). 'H 
NMRCCDClj): δ 1.10 (t, 3H. J 7.5 Hz, СН2-СНз), δ 1.43-2.31 (m, 2H, СН2-СНз), δ 3.02-3.66 (m, IH, 
S(O)-CH), δ 5.81-6.57 (m, 2H, СН=СН), δ 7.43 (s, 2Н, arom), δ 7.46 (s, 2Η, arom), δ 9.40 (d, 0.5Η, J 7.0 
Hz, H-C(0)), δ 9.47 (d, 0.5H, / 7.0 Hz, H-C(O)). MS (El) m/e 256 (M+). 
4a-Methyl-l-(p-tolylsulfìnyl)-23,4,4aJ,6-hexahydro-lH-naphthalen-7-one7el 
Chromatographed with light petroleum / ethyl acetate 2:1 to give probably diastereomerically pure 
products. Diastereomer I: (21%) Crystallized from light petroleum / toluene, m.p. ІЗСРС. IR(KBr): 1660 
с т Ч С О ) , 1615 cm-^CsQ, 1045 cm-\S=0). lll NMRÍCDCy: δ 1.12 (s, 3H, CHj), δ 1.22-1.80 (m, 
6H), δ 2.17-2.30 (т . 4Η), δ 2.40 (s, 3H, CHjtolyl), δ 3.50 (dd, IH, J 14 Hz and J 5 Hz, CH-S(0)), δ 5.85 
(s, IH, CH=C), δ 7.25-7.62 (m, 4H, arom). Diastereomer Π: (25%) Crystallized from light petroleum / 
toluene, m.p. 1430C. IR(KBr): 1650 с т Ч С ^ ) , 1610 cm-'íOC). 1040 c m ^ S O ) . 'Η NMRíCDCb): δ 
1.24 (s, ЗН, СНз), δ 1.48-1.83 (т. 6Н), δ 1.91-2.30 (m, 4H), δ 2.36 (s, 3Η, CHjtolyl), δ 4.19 (dd, IH, / 14 
Hz and / 6 Hz, CH-S(0)), δ 5.62 (s, IH, CH=C), δ 7.16-7.60 (m, 4H, arom). Diastereomer ІП: (31%) 
Crystallized from light petroleum / toluene, m.p. 104oC. IR(KBr): 1660 cm-1(C=0), 1605 cm-1(C=C), 
1045 cm-HSO). Ή NMRíCDCl·,): δ 1.50 (s, ЗН, CH3). δ 1.63-1.95 (m, 6Η), δ 2.30-2.50 (m, 4H), δ 2.36 
(s, ЗН, СНзЮІуІ), δ 3.20-3.37 (m, IH, CH-SíO)), δ 5.82 (s, 1H,CH=C), δ 7.23-7.66 (m, 4H, arom). Caled. 
for CjgH^OîS (302.439): С 71.49, H 7.33; found: С 71.05, 71.11, H 7.28, 7.31. 
4a-Methyl-l-(phenylsulfinyl)-2,3,4,4aJ,6-hexahydro-lH-naphthalen-7-one7én 
Chromatographed with light petroleum / ethyl acetate 2:1 to give diastereomeric products. Diastereomer I 
and U: (43%) Crystallized from light petroleum / toluene, m.p. 1270C. IR(KBr): 1670 спгЧОО), 1610 
с т Ч С О , 1020 an-l(S=0). Diastereomer I^H NMRiCDClj): δ 1.11 (s, ЗН, OT,), δ 1.33-1.71 (m, 6H), δ 
2.07-2.45 (m, 4Η), δ 3.52 (dd, IH, J 14 Hz and J 5 Hz, CH-S(O)), δ 5.86 (s, IH, CH=C), δ 7.35-7.74 (m, 
5H, arom). Diastereomer П^Н NMR(CDCl3): δ 1.26 (s, ЗН, CH3), δ 1.33-1.71 (m, 6H), δ 2.07-2.45 (m, 
4Η), δ 4.22 (dd, IH, У 15 Hz and ƒ 5 Hz, CH-S(O)), δ 5.66 (s, IH, CH=C),6 7.35-7.74 (m, 5Н, arom). 
Caled, for C1 7H2 0O2S (288.412): С 70.80, H 6.99; found: С 71.11. 71.08, H 6.88, 6.87. Diastereomer III 
and IV: (38%) Ж(ССІ4): 1670 cm-1(C=0), 1600 с т Ч С ^ ) , 1040 c m ' í S ^ ) . Diastereomer III: •H 
NMRíCDClj): δ 1.40 (s, ЗН, СЩ), δ 1.64-1.97 (m, 6H), δ 2.37-2.60 (m, 4Η). δ 3.23-3.41 (m, IH, 
CH-S(O)), δ 5.80 (s, IH. CH=C), δ 7.30-7.80 (m, 5H, arom). Diastereomer Г : Ή NMRíCDQj): δ 1.53 
(s. ЗН, СНз), δ 1.64-1.97 (m, 6H), δ 2.37-2.60 (m, 4Η), δ 3.23-3.41 (m, IH, CH-S(O)), δ 4.73 (s, IH. 
CH=C), δ 7.30-7.80 (m, 5H, arom). 
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4a-Methyl-l-(p-chlorophenylsulfinyl)-2J,4,4a¿,6-hexahydro-lH-napkthalen-7-oneleíXl 
Chromatographed with light petroleum / ethyl acetate 2:1 to give diastereomeric products. Diastereomer I: 
(15%) Crystallized from light petroleum / toluene, m.p. 1150C. IR(KBr): 1655 cm'HC^), 1610 
с п г Ч С О , 1040 cm- ' íS^) . Ή NMRíCDClj): δ 1.27 (s, 3Η, O t y . δ 1.49-1.97 (m, 6Η), δ 2.06-2.43 (m, 
4H), δ 4.25 (dd, IH, У 15 Hz and У 6 Hz, CH-S(O)), δ 5.66 (s, IH, CH=C), δ 7.34-7.69 (m, 4H, arom). 
Diastereomer Π: (30%) Crystallized from light petroleum / toluene, m.p. 1290C. IR(KBr): 1660 
cmVCO), 1615 с т Ч С ^ ) , 1040 cm-^SMD). 'Η NMRíCDCy: δ 1.13 (s, ЗН, CH3), δ 1.40-1.73 (m, 
6Η), δ 2.17-2.45 (т . 4Н), δ 3.51 (dd, IH, J 15 Hz and J 6 Hz, CH-S(O)), δ 5.83 (s, IH, CH=C), δ 
7.40-7.73 (m, 4H, arom).Calcd. for C17H1902SC1 (322.857): С 63.24, H 5.93; found: С 63.19, 62.87, H 
5.84, 5.86. Diastereomers III and IV: IRtCCL,): 1675 cm1(C=0), 1615 and 1605 cm-4C=C), 1050 
c m H S ^ ) . Diastereomer III: 'H NMRÍCDClj): δ 1.40 (s, 3H, CH3), δ 1.66-2.05 (m, 6H), δ 2.20-2.90 (m, 
4H), δ 3.21-3.37 (m, IH, CH-S(O)), δ 4.84 (s, IH, CH=C), δ 7.24-7.47 (m, 4H, arom) Diastereomer IV: 'H 
NMR(CDCl3): 6 1.52 (s, 3H, CH3), δ 1.66-2.05 (m, 6H), δ 2.20-2.90 (m, 4H), δ 3.21-3.37 (m, IH, 
CH-S(O)), δ 5.80 (s, IH, CH=C), δ 7.24-7.47 (m, 4H, arom) 
Methyl 2J-dimethyl-4-(p-tolyl)suIfinylcrotonate 7f 
To ester 7cl (2.0 mmol, 0.50 g) and HMPA (8 mmol, 1.39 ml) in THF (10 ml) at -780C n-BuLi (2.2 mmol, 
1.38 ml 1.6 M in hexane) was added and the reaction mixture was stirred at this temperature for 0.5 h. The 
mixture was then added to a solution of methyl iodide (3.0 mmol, 0.19 ml) in THF (5 ml) at CPC. After 2 h 
the reaction mixture was poured into a saturated aqueous solution of NH4C1 and extracted twice with ether. 
The combined organic layers were dried (MgS04) and concentrated. The resulting crude product was 
purified using flash column chromatography (silica gel, light petroleum /ethyl acetate 1:1) to give an oil. 
IR(CCl4): 1705 c m ' ^ O ) , 1620 с т Ч С ^ ) , 1045 спгЧЗО). Ή NMRÍCDCy: δ 1.87 (s, ЗН, OTj), δ 
1.89 (s, ЗН, Œj ) , δ 2.36 (s, ЗН, СНзЮІуІ), δ 3.82 and 4.22 (ABq, 2H, J 12.2 Hz, S^-CHj), δ 3.63 (s, 
ЗН, OCHj), δ 7.28 and 7.46 (ABq, 4H, J 7.2 Hz, arom). 
Methyl 3,4-dimethyl-4-(p-tolylsulfinyl)crotonate 7g 
The procedure given for 7f was followed but no HMPA was added. Chromatographed with light petroleum 
/ ethyl acetate 1:1 to give an oil that contained three isomers. IR(CC14): 1735 c n r ' i C ^ ) , 1625 ст^СгС), 
1040 с т - ' ^ О ) . Diastereomer I (21%): Ή NMRiCDC^): δ 1.29 (d, ЗН, J 7.5 Hz, CH-CH3), δ 2.18 (s, 
ЗН, С=С-СНз), δ 2.42 (s, ЗН, ШзЮІуІ), δ 3.22 (q, IH, J 7.5 Hz, S(O)-CH), δ 3.67 (s, ЗН, OCH3), δ 7.28 
and 7.45 (ABq, 4H, / 6.8 Hz, arom). Diastereomer Π (21%): Ή КМК(СОСІз): δ 1.32 (d, ЗН, J 7.5 Hz, 
CH-CH3), δ 2.18 (s, ЗН, С=С-СНз), δ 2.42 (s, ЗН, СНзЮІуІ), δ 3.22 (q, IH, J 7.5 Hz, S(O)-CH), δ 3.67 (s, 
ЗН, ОСНз), δ 7.28 and 7.45 (ABq, 4H, J 6.8 Hz, arom). Diastereomer Ш (3%): lH NMRiCDCl·,): δ 1.40 
(d, 3H, J 7 Hz, CH-CH3), δ 1.82 (s, ЗН, С=С-СНз), δ 2.37 (s, ЗН, СНзЮІуІ). δ 3.70 (s, ЗН. ОСНз), δ 4.41 
(q, IH, ƒ 7 Hz, S(0)-CH), δ 7.32 and 7.57 (ABq, 4H, / 8 Hz, arom). Caled, for C ^ g O j S (M+), m/e 
266.0977; found m/e 266.0972. 
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Synthesis of It and Jgfrom 7cl ІИІП^ potassium tert-butoxide. 
The procedure given for 7g was followed but potassium rm-butoxide (2.4 mmol, 0.27 g) was used as base 
at 0oC instead of n-butyllithium. Chromatographed with light petroleum / ethyl acetate 1:1 to give 7f and 
7g (mixture of diastereomers І:П:ПІ = 0%:16%:8%) as oils. 
Synthesis of If and Tgfrom 7cl using tert-butylmagnesium bromide. 
The procedure given for 7g was followed but rerr-butylmagnesium bromide prepaied from 0.08 g 
magnesium and 0.50 g 2-bromo-2-methylpropane was used as base at -2QPC instead of n-butyllithium. 
Chromatographed with light petroleum / ethyl acetate 1:1 to give 7g (only diastereomer III) as an oil. 
General procedure for the synthesis ofsulfones 8 
To a cooled ((PC) stirred solution of sulfoxide 7 (4 mmol) in dichloromethane at m-chloroperbenzoic acid 
(4.4 mmol) was added. The reaction mixture was maintained at this temperature for 10 h, then poured into 
an aqueous solution of N328205 (2 %, SO ml) and extracted twice with dichloromethane. The combined 
organic layers were washed with an aqueous solution of КаНСОз (3%, 50 ml), dried (MgSO,,) and 
concentrated. Flash column chromatography (silica gel, light petroleum / ethyl acetate ) and / or 
crystallization from light petroleum / toluene gave the pure product. 
Methyl 3-methyl-4-(p-tolylsulfonyl)crotonate Sci 
Starting from 7cl, with a ratio of E:Z = 4:6, 8cl was obtained in a quantitative yield with a ratio of Ε·Ζ = 
4:6 after chromatography on silica with light petroleum / ethyl acetate 4:1. Crystallization from light 
petroleum / toluene gave the E-isomer, whereas the mother liquor contained the Z-isomer. ¿-isomer m.p. 
82-730C. IR(KBr): 1705 спгЧС^), 1645 c m ' ^ C ) , 1315 and 1150 cmHSOj). Ή NMRtCDCl·,): δ 
2.19 (s. ЗН, СНз), δ 2.42 (s, 3H, CHjtolyl), δ 3.64 (s, 3H, OCHj), δ 3.80 (s, 2H, CH2), δ 5.60 (s, IH, 
CH=C), δ 7.32 and 7.70 (ABq, 4H, J 9.0 Hz, arom). Caled, for ΰ ^ Η , ^ β (268.334): С 58.19, Η 6.01 
found: С 58.23, 58.23, Η 6.01, 6.04. Z-isomer: Ή NMRíCDClj): δ 2.10 (s, ЗН, CHj), δ 2.42 (s, ЗН, 
CHjtolyl), δ 3.44 (s, ЗН, OCHj), δ 4.63 (s, 2H, CHj), δ 5.85 (s, Ш, CH=C), δ 7.32 and 7.70 (ABq, 4H, J 
9.0 Hz, arom). 
Methyl 2J-dimethyl-4-(p-tolyIsulfonyl)crotonate 8f 
Starting from 7f sulfone 8f was obtained in a quantitative yield after crystallization from light petroleum / 
toluene, m.p. 80-83oC. IR(KBr): 1700 cnr ' tCO), 1635 c m - ' ^ C ) , 1310 and 1135 cm^SOj). Ή 
NMRíCDClj): δ 1.82 (s, ЗН, CHj), δ 1.96 (s, ЗН, CHj), δ 2.37 (s, ЗН, CHjtolyl), δ 3.44 (s, ЗН, OCHj), 8 
4.50 (s, 2H, СН2), δ 7.27 and 7.67 (ABq, 4H, У 8.6 Hz, arom). Caled, for C14Hi804S (282.361): С 59.55, H 
6.43 found: С 59.54, 59.58, H 6.46, 6.49. 
Methyl 3,4-dimethyl-4-(p-tolylsulfonyl)croionate 8g 
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Starting from a mixture of diastereomers 7g, obtained by using n-butyllithium as base in THF, sulfone 8g 
was obtained in a quantitative yield after crystallization from light petroleum / toluene, m.p. 61-63°C. 
IR(KBr): 1700 cnr'OX)), 1635 cm-1(C=C), 1310 and 1135 cnrUSOJ. Ή NMRíCDClj): δ 1,26 (d, ЗН, 
/ 7 Hz, СН-СНз), δ 2.11 (s, ЗН, CHj), δ 2.40 (s, ЗН, Otyolyl), δ 3,13 (q, ЗН, 7 7 Hz, СН-СН3), δ 3.62 (s, 
ЗН, OCHj), δ 7.26 and 7.72 (ABq, 4H, J 8 Hz, arom). Caled, for СмНцОдЗ (282.361): С 59.55, Η 6.43 
found: С 59.38,59.24, Η 6.47,6.45. 
General procedure for the synthesis of ally I alcohols 10 
Sulfoxides 7a and 7d were prepared as described above. 
To a stirred solution of trimethyl orthoformate (4.5 mmol, 0.5 ml) and camphor-10-sulfonic acid (0.1 
mmol, 0.02 g) in methanol (3 ml) at room temperature crude 7a or 7d, prepared from 3 mmol 
l-silyloxy-l,3-diene, in dichloromethane (0.5 ml), was added. After stirring for 1 h the reaction mixture 
was poured into an aqueous solution of sodium hydroxide (15%, 20 ml) and extracted with ether. The 
extract is dried (MgS04) and concentrated to give crude acetáis 9. The acetalizing reaction was monitored 
by m and 'H NMR for crude 9. 
A solution of crude 9 in methanol (10 ml) containing diisopropylamine (9 mmol, 1.3 ml) was stirred at 
5QPC for 7 days. The volatile compounds were evaporated and the residue was purified using bulb to bulb 
destination. 
l,l-Dimethoxy-4-(p-totylsulfinyl)-2-butene9al 
IR(CC14): 1125 cnr^C-O), 1050 стл{$=0). Ή NMRfCDClj): δ 2.36 (s, ЗН, CHjtolyl), δ 3.20 (s, ЗН, 
CHjO), δ 3.22 (s, ЗН, CHjO), δ 3.29-4.41 (m, 2Η, СН2), δ 4.73 (d. IH, 7 4 Hz, CH), δ 5.40-5.95 (m, 2H, 
CH=CH), δ 7.29 and 7.46 (ABq, 4H, 7 9 Hz, arom). 
/ ,l-Dimethoxy-4-(phenylsulfinyl)-2-butene 9aII 
IRÍCCL,): 1125 стЧС-О), 1050 с п г ' ф ^ ) . •н NMRíCDClj): δ 3.20 (s, ЗН, CHjO), δ 3.22 (s, ЗН, 
CHjO), δ 3.27-3.80 (m, 2H, CH2), δ 4.73 (d, IH, 7 4 Hz, CH), δ 5.29-5.89 (m, 2H,CH=CH), δ 7.26-7.74 
(m, 5H, arom). 
1 ,l-Dimethoxy-4-(p-chlorophenylsulfinyl)-2-butene 9аІП 
IR(CC14): ИЗО спгЧС-О). 1050 crnHSO). Ή NMRíCDClj): δ 3.10 (s, ЗН, CHjO), δ 3.13 (s, ЗН, 
CHjO), δ 3.27-3.54 (m, 2Η, СН2), δ 4.70 (d, IH, 7 3 Hz, CH), δ 5.33-5.86 (m, 2H,CH=CH), δ 7.31-7.52 
(m, 4Η, arom). 
l,l-Dimeihoxy-4-(p-toIyIsulftnyl)-2-hexene9dl 
Mixture of diastereomers. »(ССІд): 1125 cm-^C-O), 1055 c n v ' ^ O ) . »H NMRíCDClj): δ 0.88 (t, 1.5H, 
7 7 Hz, -CHj), δ 0.97 (t, 1.5H, 7 7 Hz, -CHj), δ 1.35-2.17 (m, 2H, CHj), δ 2.23 (s, 1.5H, CHjtolyl), δ 2.31 
(s, 1.5H, CHjtolyl), δ 3.19 (s, 1.5H, CHjO), δ 3.23 (s, 1.5H, CH3O), δ 3.33 (s, 1.5H, CH3O), δ 3.37 (s, 
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1.5H, СНзО), δ 3.79-4.22 (m, IH, CH-SO), δ 4.41-4.78 (m, IH, 0-CH-O), δ 5.30-5.90 (m, 2H, CH=CH), δ 
6.93-7.57 (m, 4H, arom). 
l,l-Dimethoxy-4-(phenylsuIfinyl)-2-hexene9án 
Mixture of diastereomers. ІЩССІд): 1140 cm^C-O), 1050 cm-1(S=0). 'H NMRÍCDClj): δ 0.94 (t, 1.5Η, 
ƒ 7 Hz, -CHj), δ 1.02 (t, 1.5H, J 7 Hz, -CHj), δ 1.43-2.27 (m, 2H, O y , δ 3.10 (s, 1.5H, CHjO), δ 3.16 (s, 
3H, CHjO), δ 3.20 (s, 1.5H, CHjO), δ 3.30-3.42 (m, IH, CH-SO), δ 4.57-4.75 (m, IH, O-CH-O), δ 
5.11-5.77 (m, 2H, CH=CH), δ 7.44 (s, 5H, arom). 
1 ,l-Dimethoxy-4-(p-chlorophenylsulflnyl)-2-hexene 9dni 
Mixture of diastereomers. ПКССІд): ИЗО cm-'íC-O), 1060 cnvVSO). Ή NMRíCDClj): δ 0.83-1.13 (m, 
ЗН, -CHj), δ 1.41-1.93 (m, 2H, СНг), δ 3.08-3.38 (m, IH, CH-SO), δ 3.13 (s, 1.5H, CH3O), δ 3.20 (s, 
1.5H, CH3O), δ 3.38 (s, 1.5H, CH3O), δ 3.41 (s, 1.5H, CH3O), δ 4.60-4.79 (m, IH, O-CH-O), δ 5.30-6.00 
(m, 2H, CH=CH), δ 7.10-7.36 (m, 4H, arom). 
l,l-Dimethoxy-3-buten-2-o¡ 10a 
b.p. 75-804: / 15 mmHg. ЩССІд): 3590 стЧОН), 1120 стЧС-О). Ή NMRfCDClj): δ 2.50 (s, IH, 
OH), δ 3.38 (s, ЗН, СНзО), δ 3.41 (s, ЗН, CHjO), δ 4.11 (s, 2Η, СН-СН), δ 5.12-5.54 (m, 2H,C=CHJ, δ 
5.72-6.15 (m, 1H,CH=C),MS(CI)m/e 115 (M-OH). m/e 101 (M-CHjO). 
I,l-Dimethoxy-3-hexene-2-ol lOd 
b.p. 6S-1QPC12 mmHg. ІЩССу: 3590 cm'íOH), 1125 cm^C-O). •H NMRíCDClj): δ 1.00 (t, ЗН, J 7 
Hz, -CH3), δ 2.01-2.17 (m, 2H, CH2), δ 2.26 (s, IH, OH), δ 3.43 (s, ЗН, CHjO), δ 3.47 (s, ЗН, CH3O), δ 
4.0Φ4.18 (m, 2Η, СН-СН), δ 5.49-5.86 (т. 2Н,СН=СН). MS(CI) m/e 143 (M-OH"), m/e 129 (M-CH3O-). 
4a-Methyl-4,4a¿,6-tetrahydro-3H-naphthalen-2-on Ile 
A solution of sulfoxide 7el (0.40 mmol, 0.12 g) in carbon tetrachloride (10 ml) was stirred at 750C. After 
2h the solvent was removed and the crude product was subjected to flash column chromatography (silica 
gel, light petroleum / ethyl acetate 1:1) to give 61 mg (94%) l ie as an oil. ІЯСССЦ): 1660 с т Ч С О ) , 
1630 cm-1(C=C), 1605 c m ^ C ^ ) . Ή ММК(СОСІз): δ 1.27 (s, ЗН, -CH3), δ 1.60-2.53 (m, 8Η, СН2), δ 
6.04-6.29 (m, 2Н,С=СН), δ 6.72 (ABd, IH, J 10 Hz, C=CH). MS(EI) m/e 162 (M+). 
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C H A P T E R VII 
SOME REACTIONS OF DIHYDROTHIAPYRAN S-OXIDES. 
ΊΛ INTRODUCTION 
The reaction of doubly-activated methylene compounds (Chapter II) and silyl enol ethers (Chapter 
ΙΠ) with thionyl chloride is an efficient and versatile method for the synthesis of sulfines. These sulfines 
are very reactive dienophiles and react with electron-rich 1,3-dienes such as 2,3-dimethyl-l)3-butadiene 
(Chapter II and ΠΙ) and 2-silyloxy-1,3-dienes (Chapter IV). This method is therefore a facile one to 
prepare 3,6-dihydro-2#-thiapyran S-oxides (Scheme 7.1). 
.R? 
(R! and R2: ASG) 
08іМез 
Η 
SOCI, 
base 
'О 
ASG: Anion Stabilizing Group 
R3 
R2 
Scheme 7.1 
In the literature only a few reactions of these 3,6-dihydro-2W-thiapyran S-oxides have been 
reported. Ridley et al} prepared the anion of 4-phenyl-5,6-dihydro-2W-thiapyran S-oxide and treated it 
with several electrophiles. Only CMri-2-alkyl-4-phenyl-5,6-dihydro-2#-thiapyran S-oxides were obtained 
with primary alkyl halides (Scheme 7.2). However, when the anion was treated with 2-iodopropane or 
aldehydes a mixture of anti and syn adducts resulted. 
.Ph ^ .Ph 
1) LDA.THF, -780C 
fc-
S. 2) EX 
EX=MeI,EtI,PhCH2Br 
p-N02C6H4CH2Br, 
Me2CHI, PhCHO, 
p-BrC6H4CHO 
Scheme 72 
Praefcke and Weichsel2 heated a 3,6-dihydro-2#-thiapyran S-oxide at 70oC in acetic anhydride to 
give a 2//-thiapyrane via a Pummerer reaction (Scheme 7.3). When this 3,6-dihydro-2H-thiapyran S-oxide 
or 2Я-иііаруіапе were heated at 240oC under nitrogen a rearrangement was observed producing a 
thiophene in a moderate yield. When the sulfoxide was irradiated an unsaturated aldehyde could be 
isolated (Scheme 7.3). 
Block et al} prepared bicyclo-endo-sulfoxides by a stereospecific cycloaddition of 
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7(УС 
АсгО 
hv 
240oC 
240oC 
Scheme 73 
Z-alkylthioaldehyde S-oxides and cyclopemadiene. These sulfoxides readily underwent a [2,31-siginatropic 
rearrangement providing bicyclo-sultenes, which in tum were converted into several cyclopentenones 
(Scheme 7.4). 
Scheme 7.4 
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In this chapter some reactions of the 3,6-dihydro-2W-thiapyran 5-oxides which were obtained as 
described in the preceding chapters (Chapter II, Ш and V), will be presented. 
7.2 RESULTS AND DISCUSSION 
Most 3,6-dihydro-2//-thiapyran 5-oxides described in the preceding chapters are derived from 
α-οχο sulfines and therefore contain a caibonyl group. This group can be used as a chemical handle to 
introduce other functionalities. Several reactions involving the carbonyl group are depicted in Scheme 7.5, 
7.6, 7.7 and 7.8. All the reactions of these cyclic sulfoxides resemble comparable transformations of 
acyclic β-οχο sulfoxides.4 
The reduction of the ketone function of la, the major (racemic) diastereomer obtained from the 
corresponding α-οχο sulfine (see Chapter Ш), was achieved using LiAlH4 or AIH3 giving the 
corresponding alcohol in high yield and with high asymmetric induction (Scheme 7.S, Table 7.1). The 
reduction product lb was obtained diastereomerically pure (d.e. > 95%) after recrystallization. With 
DIBAH however, a lower yield and with a much lower asymmetric induction was obtained. The relative 
configuration of diastereomerically pure lb could not be determined. The alcohol containing substituent 
could easily be removed by a retro-condensation using NaH as the base, yielding le as a mixture of 
diastercomers (ratio 1:1). 
NaH 
THF 
AVC 
Ph 
96% 1c 
I(i>yi):II(an/i)=l:l 
Table 7.1 Reduction of ketone la to alcohol lb, according to Scheme 7.5. 
solvent reagent yield(%) d.e.( 
THF/Et20(l:2) 
THF 
THF 
LÌAIH4 
AIH3 
DIBAH 
quant 
95 
67 
91 
95 
20 
Reduction of ester Id (diastereomerically pure) with LiAlH4 yielded alcohol If and the 
retro-condensation product lei (Scheme 7.6). Only isomer lei is isolated. When Id was reduced using 
AIH3 the corresponding aldehyde lei could be isolated in a good yield. Assuming that no epimerization 
had taken place under the used reaction conditions, the starting sulfoxide Id must be derived from 
methoxycarbony-phenyl-sulfine with the E-configuration. Consequently, the reduction product lei will 
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have the phenyl and the oxygen of the sulfoxide in a syn relationship as well and the formyl will be in the 
anti position with respect to the oxygen of the sulfoxide. This aldehyde lei is a diastereomer of the 
compound lell prepared in a direct manner from formyl-phenyl-sulfine and 2,3-dimethyl-l,3-butadiene as 
described in Chapter Ш, Scheme 3.6. This observation implies that ІеП must be derived from the formyl-
phenyl-sulfine with the Z-configuradon. 
MeO 
H. 
Ph 
I d (syn) 
Table 72 Reduction of Id according to Scheme 7.6. 
solvent reagent 
THF 
THF/Et 20(l:5) 
THF/Et 20(l:2) 
LÌAIH4 
LÌAIH4 
AIH3 
lei 
yield (%) 
If I d 
73 
17 
47 
12 
75 
40 
Both aldehydes lei and lell could be transformed into the alkenes Igl and Igll, respectively, 
using the Wittig reaction (Scheme 7.7). In addition to the desired Wittig reaction some retro-condensation 
lei —*- Igl (38%) + I d (trace) 
lell — • Igü (37%) + I d i (trace) 
Scheme 7.7 
was also observed. Starting from lei only I d (phenyl syn to oxygen) and no I d i (phenyl anti to oxygen) 
could be detected. Starting irom lell only Idi and no I d could be detected as by-product. These 
observations indicate that under the reaction conditions no epimerization had taken place. 
Alcohol lb was isolated in a low yield and with a low diastereomeric excess, when aldehyde lei is 
treated with MeLi (Scheme 7.8). The spectral features of these diastereomeric alcohols are the same (apart 
from the epimer ratio) as those obtained in the reduction of la (Scheme 7.5). Hence, the stereochemical 
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MeLi(1.2eq.) 
THF/Et20(l:l)^ 
-780C 
lel 
recovered 
lel (11%) 
l d (syn) 
Scheme 7.8 
relationship of the phenyl and the oxygen of the sulfoxide group in lb derived from lei and derived from 
la are the same, which means that la is obtained from the £-acetyl-phenyl-sulfine. 
Alcohol lb could be transformed into ether Ih using methyl iodide in the presence of NaH 
(Scheme 7.9). Under these conditions no retro-condensation of lb was observed. When, however, methyl 
iodide was absent retro-condensation occured almost quantitatively (Scheme 7.S). 
OH OMe 
Scheme 7.9 
When lb is treated with л-BuLi an a-lithio sulfoxide is formed, which reacts smoothly with 
various electrophiles (Scheme 7.10, Table 7.3). 
OMe OMe 
(one diastereomer) 
Scheme 7.10 
l i R=Me 
R=Et 
Ik R=CH(OH)Ph 
Table 73 Reaction of electrophiles with the lithiated Ih, according to Scheme 7.10 
reaction 
E-X temp. (0C) no R yield (%) 
Mel 
EtI 
PhCHO 
-78-*0 
-78 — 0 
-78 —-15 
li 
ij 
Ik 
Me 
Et 
CH(OH)Ph 
65 
77 
49 
94 
In all cases only α-addition was observed Alkyl hahdes gave an acceptable yield, but that with 
benzaldehyde was moderate probably due to a retro-condensation of the formed lithium alkoxide to 
produce the starting matenal Ih This could probably be avoided by using an magnesium base instead of 
the lithium base The Mg-0 bond is less ionic than the Li-O bond and should therefore give less 
retro-condensation4 In the reaction of Ih shown in Scheme 7 10 a new chiral center is created When 
methyl or ethyl iodide are used as electrophiles probably only one (racemic) diastereomer is obtained. 
With benzaldehyde as the electrophile, two out of four possible diastereomers were obtained in equal 
amounts The relative stereochemistry of these diastereomers could not be determined These results are in 
accordance with those obtained by Ridley et al1 They found only anri-adducts when alkylating with 
pnmary alkyl halides and a mixture of syn and anri-adducts in a condensation with aldehydes (see Scheme 
7 2) 
The hthiated Ih reacted with chloro diphenylphosphine to produce an unstable sulfoxide 
phosphine, which rearranged slowly to sulfide phosphine oxide 21 This rearrangement was accelerated by 
the addition of iodine5 to give 21, probably diastereomencally pure, in a moderate yield (Scheme 7 11) 
OMe OMe 
0=PPh, lh 42% 21 
(one diastereomer) 
Scheme 711 
Several methods are available to deoxygenate sulfoxides to the corresponding sulfides6 A very 
mild and fast method has been reported by Drabowicz and Oae7, viz the use of tnfluoracetic anhydnde and 
sodium iodide in acetone In the present case this method also works well and 3,6 dihydro-2#-thiapyran 
5-oxides 1 can be converted into the corresponding sulfides 2 in high yields (Scheme 7 12, Table 7 4) 
(СРзСО)20 
Nal, aceton 
(УС 
Scheme 712 
Another method to convert sulfoxides into sulfides consist of the use of LiAlH4 at higher 
temperatures4 6 This method can be employed if there is no other functionality present that is susceptible 
to reduction Hydroxy sulfoxide lb was converted into hydroxy sulfide 2b using L1AIH4 in a good yield 
(Scheme 7 13) Since the deoxygenation of thiapyran 5-oxides 1 can be accomplished smoothly in high 
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Table 7.4 Reduction of dihydrothiapyran S-oxides 1 to dihydrothiapyranes 2 according to Scheme 
7.12. 
R, yield (%) 
la 
lb 
Id 
lm 
In 
lo 
lp 
iq 
Ir 
МеС(0)-
MeCH(OH)-
МеОС(О)-
-Ph 
-Ph 
-Ph 
-С(0)(СН2)4-
PhC(O)-
EtOC(O)-
О 
/ \ II 
О N-C-
\ / 
ЕЮС(О)-
(ЕЮ)2Р(0)-
-(O)CPh 
-(O)COEt 
-CN 
-CN 
-CN 
2a 
2b 
2d 
2m 
2n 
2o 
2p 
2q 
2r 
82 
74 
97 
79 
91 
89 
100 
92 
99 
yields, the α-οχο sulfìnes from which thiapyran 5-oxides 1 are derived, can be regarded as synthetic 
equivalents of α-οχο thiones. 
OH OH 
I Ph I Ph 
^ Ύ Υ ЬІАІН,
 t ^<C^Y 
lb 97% 2b 
Scheme 7.13 
Sulfides can easily be alkylated to give sulfonium salts. With 2b this alkylauon was performed by 
reaction with Meerweins reagent or methyl iodide. Subsequent treatment with base gave a 
no. RX yield (%) 
Scheme 7.14 
3a BFjOEtj 38 
3b Mel 42 
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retro-condensation to produce a sulfur ylide, which underwent a [2,3]-sigmatropic rearrangement to give 
the isolated cyclopropane derivatives 3 (Scheme 7.14). [2,3]-Sigmatropic rearrangement of similar ylides 
have been reported in the literature (Scheme 7.15)8. 
Scheme 7.15 
The results presented above show that thiapyran S-oxides 1, derived from α-οχο sulfines, are very 
interesting starting material for the synthesis of various other thiapyran 5-oxides 1 and thiapyranes 2 using 
simple transformations. Furthermore, these compounds are the starting materials for non-sulfur containing 
cyclic compounds and have promising prospects for further research. 
7.3 EXPERIMENTAL SECTION 
The general remarks mentioned in section 3.3 also apply to the experiments in this section. The 
3,6-dihydro-2H-thiapyran 5-oxides la, ld, lei, lell, If and the 3,6-dihydro-2H-thiapyrane 2m were 
already described in Chapters II and ΙΠ. Compound la is the major diastereomer obtained from the 
cycloaddition of the corresponding α-οχο sulfine. 2-Phenyl-3,6-dihyclro-4,5-dimethyl-2H-thiapyran 
•S-oxides I d and IcII were previously described and their spectral data were in agreement with those 
reported in the literature.' 
Synthesis of 2-(r-hydroxyethyl)-2-phenyl-3,6-dihydro-4£-dimethyl-2H-thiapyran 1-oxide lb using 
LiAlH4. 
To a stirred suspension of LiAlH4 (0.6 g, 15.8 mmol) in ether (40 ml) cooled to -780C compound la (3.6 g, 
13.7 mmol) in THF (20 ml) was added and the reaction mixture was maintained at this temperature for 4 h. 
Whereon water (0.6 ml), 15% aqueous NaOH (0.6 ml) and water (1.8 ml) were added successively. The 
suspension obtained was wanned to room temperature, ether (40 ml) and MgSC^ (10 g) were added, 
stirred for 1 h and filtered. The filtrate was concentrated to give pure lb quantitatively, as a mixture of 
diastereomers (diastereomer II with a d.e. of 91%, determined by 'H NMR). Diastereomer I. IR(KBr): 
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3380 cm '(O-H), 1020 cm 48=0) NMRíCDClj) δ 0 92 (d, 3H, J 6 5 Hz, CH CHj), δ 1 57 (s, ЗН, 
СНз-С=С), δ 1 77 (s, ЗН, CH
r
C=C), 6 2 03 - 3 38 (m, 4Η, СН2-С=С), δ 4 78 (q, IH, J 6 5 Hz, CH-CHj), 
6 5 1 (s, IH, OH), δ 7 33 (s, 5H, arom) Diastereomer II could be obtained pure (d e >95%) by 
crystallization ftom toluene m ρ 170-171oC IR(KBr) 3380 cm ЧО-Н), 1030 cm 45=0) NMRCCDClj) 
δ 1 17 (d, ЗН, J 6 0 Hz, CH-CHj), δ 1 57 (s, ЗН, CH3 C=C), δ 1 77 (s, ЗН, СНз-С=С), δ 2 03 - 3 38 (m, 
4Η, 011-0=0, δ 4 55 (q, IH, У 6 0 Hz, CH CHj), δ 5 1 (s, IH, OH), δ 7 33 (s, 5H, arom) MS(EI) m/e 264 
(M+) Caled, for C15H20O2S (264 389) С 68 14, H 7 62, found С 67 96, 67 93, 67 75, H 7 65, 7 65, 7 62 
Synthesis of2-(l'-hydroxyethyI)-2-phenyl-3,6-dikydro-4¿ dmethyl-2H-thiapyran 1 oxide lb using AIH3 
Compound la (0 5 g, 1 9 mmol) in THF (5 ml) was added to a cooled (-78°C) stirred solution of aluminum 
hydnde (5 0 mmol)10 in THF (10 ml) and then maintained at this temperature for 1 h Water (0 6 ml) was 
added slowly, and the mixture thus obtained was allowed to warm to room temperature, whereon ether (40 
ml) and MgS04 (4 g) were addded This mixture was stirred at room temperature for 1 h, filtered, the 
filtrate was evaporated and the residue subjected to flash column chromatography (silicagel, diisopropyl 
ether / ethyl acetate 1 2) to give 0 48 g lb (95%) with a d.e of 95% (Diastereomer Π is the major isomer) 
Synthesis of 2-(r-hydroxyethyl)-2-phenyl-3,6-dihydro-4¿-dimethyI-2H-th¡apyran 1-oxide lb using 
DIBAH 
To a stured solution of la (1 3 g, 5 0 mmol) in THF (20 ml) at -780C DIBAH (15 0 ml, IM in hexane) was 
addded. After 4 h methanol (20 ml) was added, the suspension thus obtained was allowed to nse to room 
temperature and the solvents were evaporated To the resulting solid diethyl ether (80 ml) and MgS04 (4g) 
were added This suspension was stirred for 8 h and filtered The filtrate was concentrated and punfied 
using flash column chromatography (silicagel, diisopropyl ether / ethyl acetate 1 2) to give 0 87 g lb 
(67%) with a d e of 20% (Diastereomer I is the major isomer) 
2-Phenyl-3,6-dihydro-4¿-dimethyl-2H-thiapyran S oxides l d and Id i 
A mixture of lb (77 mg, 0 29 mmol) and NaH (15 mg, 0 62 mmol) in THF (10 ml) was stirred at 40oC 
After 6 h the reaction mixture was poured into a saturated aqueous solution of NH4C1 The organic layer 
was separated, and the aqueous layer washed with ether The combined organic layers were dned (MgSO^ 
and concentrated Flash column chromatography (silica gel, light petroleum / ethyl acetate 2 1) gave 
diastereomencally pure products I d (phenyl and oxygen syn) 31 mg (49%) Idi (phenyl and oxygen 
ami) 30 mg (47%) The spectral data were in agreement with those reported in the literature9 
Reduction ofthiapyran S-oxtde Id using LiAlH4 
The procedure desenbed for the reduction of la using L1AIH4 was followed The products were punfied 
using flash column chromatography (silicagel, diethyl ether) Using THF as the solvent gave 75% I d and 
17% If When to a cooled (-780C) stirred suspension of L1AIH4 (40 mg, 1 0 mmol) in ether (20 ml) 
compound Id (130 mg, 0 5 mmol) in THF (4 ml) was added 40% I d and 47% If were isolated after the 
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work-up procedure. The spectroscopic data of If were described in Chapter ΙΠ (p. 46). 
Reduction ofthiapyran S-cxide Id using AIH3. 
This reaction was described in Chapter ΠΙ (p. 46). 
2-Phenyl-2-vinyl-3,6-dihydro-4J-dimethyl-2H-thiapyran 1-oxide Igl 
To a cooled (ÇPC) stirred solution of methyl(triphenyl)phosphonium bromide (0.39 g, 1.1 mmol)in THF 
(10 ml) л-BuLi (0.72 ml, 1,6 M in hexane) was added and the reaction mixture was maintained for 10 min 
at this temperature and 20 min at room temperature. Then the solution was cooled (-780C) and aldehyde 
lei (0.25 g, 1.0 mmol) in ether (5 ml) was added. The solution was allowed to reach room temperature and 
after stirring for 8 h the reaction mixture was poured into a saturated aqueous solution of NH4C1. The 
organic layer was separated, dried (MgS04) and concentrated. The crude product contained Igl and a trace 
lei according to 'H NMR. Flash column chromatography (silica gel, diethyl ether) gave 95 mg Igl (38%) 
as an oil. ІЩССІ,,): 1058 c m ^ S O ) . Ή NMRÍCDClj): δ 1.69 (s, ЗН, СНз-С=С), δ 1.82 (s, ЗН, 
СНз-С=С), δ 2.37 - 3.43 (m, 4H, CH2-C=C), δ 5.21 (d, IH, J 17 Hz, C=CH2), δ 5.36 (d, IH, J 11 Hz, 
C=CH2), δ 6.17 (dd, IH, J\7 Hz, / 11 Hz, C=CH), δ 7.25 - 7.61 (m, 5H, arom). MS(EI) m/e 246 (M+). 
2-Phenyl-2-vinyl-3,6-dihydro-4¿-dimethyl-2H-thiapyran 1-oxide Igll 
The procedure given for Igl was followed. Starting from lell (0.25 g, 1.0 mmol) Igll (36%) was obtained 
after flash column chromatography (silca gel, diisopropyl ether / ethyl acetate 1:1) as an oil. (The crude 
product contained Igll and a trace of I d i according to Ή NMR). IR(CC14): 1058 c m ^ S O ) . Ή 
NMRíCDClj): δ 1.60 (s, ЗН, CH
r
C=C), δ 1.83 (s, ЗН, СНз-С=С), δ 2.27 - 3.20 (m, 4H, CH2-C=C), δ 
5.07 (d, IH, / 17 Hz, C=CH2), δ 5.38 (d, IH, У 11 Hz, C=CH2), δ 6.37 (dd, IH, У 17 Hz, ƒ 11 Hz, C=CH), 
δ 7.31 (s, 5H, arom). Caled, for C15H19OS (M++l), m/e 247.1157, found m/e 247.1159. 
Addition ofMeLi to aldehyde lel. 
To a cooled (-780C) stirred solution of compound lei (0.46 g, 1.9 mmol) in a mixture of THF (15 ml) and 
diethyl ether (15 ml) MeLi (1,4 ml 1.6 M solution in diethyl ether, 2.6 mmol) was added. After 10 min. the 
reaction mixture was poured into a saturated aqueous solution of NH4C1. The organic layer was separated 
and the aqueous layer extracted with ether. The combined organic layers were dried (MgS04) and 
concentrated. Separation of the products using flash column chromatography (silica gel, diethyl ether) 
gave 50 mg lei (11%). 100 mg l d (23%) and 180 mg lb (36%, d.e. 35% diastereomer Π being the major 
isomer). 
2-(r-Methoxyethyl)-2-phenyl-3l6-dihydro-4£-dimethyl-2H-thiapyran 1-oxide Ih. 
A mixture of lb (diastereomer II, d.e. 91%)(0.65 g, 2.45 mmol), NaH (76 mg, 3.2 mmol) and methyl 
iodide (0.25 ml, 2.45 mmol) in THF (20 ml) was stirred at 40oC. After 0.5 h the reaction mixture was 
poured into a saturated aqueous solution of NH4CI, the organic layer separated and the aqueous layer 
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extracted with ether. The combined organic layers were dried (MgSO,^ ) and concentrated. Flash column 
chromatography (silica gel, light petroleum / ethyl acetate 1:3) gave Ih as a mixture of diastereomers 
(yield 98%) (diastereomer Π with a d.e. of 91%, determined by lH NMR). ІЩССІ,): 1100 cnr'fC-O), 
1055 crn-^SO). Diastereomer I. NMRtCDClj): δ 0.90 (d, 3H, J 6.5 Hz, CH-CH3), δ 1.58 (s, ЗН, 
CH3-C=C), δ 1.80 (s, ЗН, СНз-С=С), δ 2.10 - 3.73 (m, 4H, CH2-C=C), δ 3.53 (s, ЗН, ОМе), δ 4.23 (q, IH, 
J 6.5 Hz, CH-CHj), δ 7.32 (s, 5H, arom). Diastereomer Π. NMRiCDClj): δ 1.20 (d, 3H, / 6.0 Hz, 
CH-CHj), δ 1.67 (s, 3H, CH3-OC), δ 1.80 (s, 3H, CH3-CO, δ 2.10 - 3.73 (m, 4H, CH2-C=C), δ 3.11 (s, 
3H, OMe), δ 4.03 (q, IH, J 6.0 Hz, CH-CH3), δ 7.18 - 7.73 (m, 5H, arom). Caled, for C,6H2 202S 
(278.417): С 69.03, H 7.96; found: С 68.86, 68.65, H 7.95, 7.93. Diastereomer Π (m.p. 88 - 890C (light 
petroleum / toluene)) can be obtained pure when diastereomerically pure lb (diastereomer Π) is used as 
the starting material. 
2-(l'-Methoxyethyl)-2-phenyl-3,6-dihydro-4£,6-trimethyl-2H-thiapyran 1-oxide li. 
To a stiired solution of ether Ih (d.e. > 95%) (185 mg, 0.67 mmol) in THF (10 ml) at -780C n-BuLi (0.5 ml 
1.6 M solution in hexane, 0.8 mmol) was addded and the reaction mixture was maintained for 0.5 h at this 
temperature. After this period Mel (0.1 ml, 1.6 mmol) was added and the reaction mixture was allowed to 
warm slowly to the temperature indicated in Table 7.3 and stirred for 2 h at this temperature. Then the 
reaction mixture was poured into a saturated aqueous solution of NH4CI, the organic layer separated and 
the aqueous layer washed with ether. The combined organic layers were dried (MgS04) and concentrated. 
Flash column chromatography (silica gel, light petroleum / ethyl acetate 2:1) and recrystallization (light 
petroleum / toluene) gave li. m.p. 173 - 1750C. IR(KBr): 1045 c m ^ S ^ ) , 1032 cm'iC-O). 
NMRCCDCl·,): δ 0.89 (d, 3H, / 6.0 Hz, O-CH-CH3), δ 1.31 (d, 3H, J 7.0 Hz, 8(0)-СН-СНз), δ 1.73 (s. ЗН, 
СНз-С=С), δ 1.81 (s, ЗН, СНз-С=С), δ 2.33 (ABd, IH, J 17.0 Hz, S(0)-CH2-C=C), δ 2.96 - 3.42 (m, 2H, 
CH-C=C), δ 3.17 (s, 3H, OMe), δ 3.89 (q, IH. J 6.0 Hz, O-CH-CH3), δ 7.22 - 7.67 (m, 5H, arom). MS(EI) 
m/e 292. Caled, for C n H ^ S (292.444): С 69.82, H 8.27; found: С 70.02, 69.65, 70.05, H 8.31, 8.26, 
8.32. 
6-Ethyl-2-(r-methoxyethyl)-2-phenyl-3,6-dihydro-4¿-dimethyl-2H-thiapyranl-oxide Ij. 
The procedure given for li was followed with EtI instead of Mel. Chromatographed with light petroleum / 
ethyl acetate 3:2 and recrystallized from light petroleum / toluene, m.p. 133 - 1340C. IR(KBr): 1030 
cm-VSO). NMR(CDCl3): δ 0.81 (d, 3H, J 6.2 Hz, O-CH-CH3), δ 1.18 (t, 3H, J 7.0 Hz, С-СН2-СНз), δ 
1.82 (s, 6H, СН3-С=С), δ 1.80 - 2.33 (m, ЗН. С-СН2-СНз and СН-С=С), δ 2.83 - 3.34 (m, 2Н, СН-С=С), 
δ 3.19 (s, ЗН, ОМе), δ 3.82 (q, IH, J 6.2 Hz, O-CH-CH3), δ 7.20 - 7.47 (m, ЗН, arom), δ 7.54 - 7.69 (m, 
2H, arom). Caled, for C i e H 2 6 0 2 S (306.471): С 70.55, H 8.55, found: С 70.39, 70.51, 70.49, H 8.55, 8.59, 
8.60. 
6-(l-Hydroxybenzyl)-2-(r-methoxyethyl)-2-phenyl-3,6-dihydro-4¿-d¡methyl-2H-ihiapyran 1-oxide Ik. 
The procedure given for li was followed with benzaldehyde instead of Mel. Chromatography with 
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diisopropyl ether gave two diastereomencally pure products Diastereomer I (26%) Recrystalhzed from 
light petroleum / toluene m ρ 163 - 1640C IR(KBr) 3380 cm ЧО-Н), 1060 cm HS=0) NMRtCDCl·,) δ 
0 83 (d, 3H, J 6 Hz, O-CH-CH3), δ 1 38 (s, ЗН, СНз-С=С), δ 1 79 (s, ЗН, СНз-С=С), δ 2 26 and 3 30 
(ABq, 2H, J 17 Hz, CH2-C=C), δ 3 32 (s, ЗН, ОМе), δ 3 71 (s, IH, H-C-S(O)), δ 3 93 (q, IH, У 6 Hz, 
O-CH-CH3), δ 42 (s, IH, HO), δ 5 73 (s, IH, H-C-Ph), δ 7 20 - 7 74 (m, ЮН, arom) Caled for 
СиН^ОзЗ (384 542) С 71 84, H 7 34, found С 71 75, 71 65, 71 81, H 7 34, 7 35, 7 36 Diastereomer II 
(23%) Recrystalhzed from light petroleum / toluene m ρ 209 - 2120C IR(KBr) 3385 cm'(O-H), 1050 
cm
 l(S=0) NMRiCDCy δ 0 74 (d, 3H, J 6 Hz, O-CH-CH3), δ 1 94 (s, ЗН, СНз-С=С), δ 2 05 (s, ЗН, 
СНз-С=С), δ 2 32 (ABd, IH, / 18 Hz, CH-C=C), 6 3 16 (s, ЗН, ОМе), δ 3 15 - 3 44 (m, IH, H-C-C=C)), δ 
3 86 (q, Ш, У 6 Hz, О-СН-СН3), δ 4 7 (s, IH, HO), δ 5 60 (s, IH, H-C-Ph), δ 7 20 - 7 61 (m, ЮН, arom) 
Caled for СгзНиАЗ (384 542) С 71 84, H 7 34, found С 71 40,71 52,71 76, H 7 31,7 33,7 36 
2-Acetyl 2-phenyl 3,6-dihydro-4¿-dimethy¡-2H thiapyran 2a 
The procedure given in the literature was used7 The crude product was purified using flash column 
chromatography (silica gel, dichloromethane / light petroleum 1 1) IR(CCl4) 1700 cm '(0=0) Ή 
NMR(CDCl3) δ 1 71 (s, 6H. СНз-С=С). δ 2 08 (s, ЗН, СНз-С(О)), δ 2 20 - 3 23 (m, 4H, CH2-C=C), δ 
7 34 (s, 5Η, arom) MS(EI) m/e 246 (M+). 
2 (r-Hydroxyethyl)-2-phenyl-3,6-dihydro-4¿-dimethy¡-2H thiapyranlb 
Compound lb (0 52 g, 2 0 mmol) (diastereomer II with a d e of 95%) in THF (5 ml) was added to a stirred 
suspension of L1AIH4 (0 15 g, 4 0 mmol) in THF (10 ml) at room temperature Then the reaction mixture 
was warmed (бО'С) for 2 5 h After the work-up procedure as desenbed for the reduction of la using 
L1AIH4 0 48 g 2b (97%, diastereomer II with a d e of 95%) was obtained IR(CC14) 3580 cm ЧО-Н) 
Diastereomer I •H NMRtCDCy δ 1 01 (d, ЗН, / 6 Hz, CH-CH3), δ 1 59 (s, ЗН, СНз-С=С), δ 1 82 (s, 
ЗН, СНз-С=С), δ 2 2 (s, IH, OH), δ 2 78 (s, 4H, CH2-C=C), 6 410 (q, IH, J 6 Hz, CH-CH3), δ 7 21 - 7 65 
(m, 5H, arom) Diastereomer Π Ή NMRíCDCb) δ 1 08 (d, ЗН, У 6 Hz, СН-СН3), δ 1 59 (s, ЗН, 
СНз-С=С), δ 1 73 (s, ЗН, СНз-С=С), δ 2 2 (s, IH, OH), δ 2 75 (s, 4H, СН2-С=С), δ 4 00 (q, IH, У 6 Hz, 
CH-CH3), δ 7 21 - 7 65 (m, 5H, arom) MS(EI) m/e 248 (M+). 
2-Methoxycarbonyl-2-phenyl-3,6-dihydro-4J-dimethyl-2H-thiapyran2d 
The procedure given in the literature was used7 The crude product was purified using flash column 
chromatography (silica gel, light petroleum / ethyl acetate 5 1) Ш(ССІ4) 1728 cm '(0=0) Ή 
NMRíCDClj) δ 1 66 (s, ЗН, СНз-С=С), δ 1 72 (s, ЗН, СНз-С=С), δ 2 62 - 3 25 (m, 4H, CH2-C=C), δ 
3 63 (s, ЗН, СНз-О), δ 7 18 - 7 57 (m, 5H. arom) MS(EI) щ/е 262 (M+) 
6 (Diphenylphosphoryl)-2-(r-methoxyethyl)-2 phenyl-3,6-dihydro-4£-dimetliyl-2H-tluapyran 21 
То a stirred solution of ether Ih (245 mg, 0 88 mmol) (diastereomer Π with a d e > 95%) in THF (10 ml) 
at -780C л-BuLi (0 6 ml 1 6M solution in hexane, 0 96 mmol) was addded and the reaction mixture was 
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maintained for 0.5 h at this temperature. Then this reaction mixture was added rapidly to a cooled (-780C) 
stirred solution of chloro diphenylphosphine (0.23 ml, 1.06 mmol) in THF (10 ml). After 2.5 h the reaction 
mixture was warmed to (PC and iodine (0.25 g, 1.0 mmol) was added. After 10 min. sufficient aqueous 
10% N32803 was added to decolorize the iodine, the organic layer separated and the aqueous layer washed 
with ether. The combined organic layers were washed with a saturated aqueous solution of NH4CI, dried 
(MgS04) and concentrated. Flash column chromatography (silica gel, diisopropyl ether / ethyl acetate 1:1) 
and reciystallization (light petroleum / toluene) gave 21 (yield 42%). m.p. 184 - 1850C. IR(KBr): 1433 
cm'íP-Ph), 1188 с т ^ О ^ ) . NMRíCDClj): δ 0.92 (d, 3Η, J 8.5 Hz, O-CH-CH3), δ 1.77 (s, 6H, 
СНз-С=С), δ 2.46 (s, 2H, CH2-C=C), δ 3.29 (s, 3H, OMe), δ 3.37 (q, IH, J 8.5 Hz, O-CH-CH3), δ 4.29 (d, 
IH, J 13 Hz,S-CH-P(0)), δ 7.07 - 7.56 (т . ПН, arom), δ 7.60 - 7.91 (m, 4H, arom). Caled, for 
C^gH^OjPS (462.596): С 72.70, H 6.75, found: С 72.28,72.41,72.46, H 6.74, 6.76, 6.74. 
22-Di(benzoyl)-3,6-dihydro-4 ¿-dimeihyl-2H-thiapyranïn 
The procedure given in the literature was used7. The crude product was purified using flash column 
chromatography (silica gel, light petroleume / dichloromethane 1:1) and crystallized (light petroleum / 
toluene), m.p. 930C. IR(KBr): 1650 с т Ч С О ) . Ή NMRíCDClj): δ 1.71 (s, 6Η, СНз-С=С), δ 2.74 (s, 2Н, 
СН2-С=С), δ 2.87 (s, 2Н, СН2-С=С), δ 7.13 - 7.58 (m, 6Н, arom), δ 7.83 - 8.07 (m, 4Η, arom). Caled, for 
C Î I H ^ O Î S (236.451): С 74.97, H 5.99; found: С 74.74, H 6.08. 
22-Di(ethoxycarbonyl)-3,6-dihydro-4¿-dimethyl-2H-thiapyranln 
The procedure given in the literature was used7. The crude product was purified using flash column 
chromatography (silica gel, light petroleume / dichloromethane 1:1). IR(KBr): 1740 cm"1(C=0). 'H 
NMIKCDClj): δ 1.27 (t, 6H, J 7.0 Hz, CH3-CH2). δ 1.73 (s, 6H, СНз-С=С), δ 2.64 (s, 2H, CH
r
C=C), δ 
3.04 (s, 2H, CH2-C=Q, δ 4.20 (q. 4H, J 7.0 Hz, CHj-CHj). MS(EI) m/e 272 (M+). 
2-Cyano-2-morpholinocarbonyl-3,6-dihydro-4¿-dimethyl-2H-thiapyran2p 
The procedure given in the literature was used7. The crude product was purified using flash column 
chromatography (silica gel, light petroleume / ethyl acetate 3:1). ІЩССІд): 2215 cm'íCN), 1657 
cm-I(N-C=0). 'H NMRíCDCl·,): δ 1.76 (s, 6Η, СНз-С=С), δ 2.55 (ABd, IH, J 17 Hz, CH-C=C), δ 2.92 -
3.28 (m, 2Η, CH-C=C), δ 3.42 - 4.03 (m, 9H, remaining protons). MS(EI) m/e 266 (M+). 
2-Cyano-2-ethoxycarbonyl-3¿>-dihydro-4¿-dimeihyl-2H-thiapyran2q 
The procedure given in the literature was used7. The crude product was purified using flash column 
chromatography (silica gel, light petroleume / ethyl acetate 3:1). IRiCCl,,): 2240 cnrHCN), 1745 
cm-'fli-C^). Ή NMR(CDCl3): δ 1.35 (t, 3H. J 7.0 Hz. CHj-CHj), δ 1.76 (s, ЗН, СНз-С=С), δ 1.80 (s, 
ЗН, СНз-OQ, δ 2.44 - 3.21 (m, ЗН, СН-С=С). δ 3.47 (ABd, IH, J 17 Hz, CH-C=C), δ 4.30 (q, 2Η, J 7.0 
Hz, CH3-CH2). MS(EI) m/e 225 (M+). 
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2-Cyaiw-2-diethylphosphono-3,6-dihydro-4¿ dimethyl-2H-thiapyran 2r 
The procedure given in the literature was used7 The crude product was punned using flash column 
chromatography (silica gel, light petroleume / ethyl acetate 3 2) ЩССЦ) 2218 cm^CN), 1268 
cm
 λ
φ=0), 1025 cm '(P-O-C) 'H NMRtCDClj) δ 1 39 (t, 6H, J 7 2 Hz, CHj-Oty, δ 1 77 (s, 6H, 
СНз-С=С), δ 2 44 - 3 17 (m, 3H, CH-C=C), δ 3 57 (ABd, IH, J 17 Hz, CH-C=C), δ 4 33 (quin, 4H, J 7 2 
Hz, СНз-СН2) MS(EI) m/e 289 (M+) 
I Ethylsulfenyl-2-methyl-l-phenyl-2-(2'-propenyl)cylopropane За 
То a stirred solution of 2b (0 17 g, 0 68 mmol) in dichloromethane (40 ml) at room temperature 
tnethyloxomum tetrafluoroborate (0 15 g, 0 8 mmol) in dichloromethane (2 ml) was added The reaction 
was monitored using tic (silica gel, diethyl ether) When no 2b was detected anymore an aqueous solution 
of sodium hydroxide (10%, 5 ml) was added and the reaction mixture was stirred for 2 h The organic layer 
was separated, washed with water and dned (MgSC^) The solvent was evaporated and the crude product 
was subjected to flash column chromatochraphy on silica gel using light petroleum / dichloromethane 
(1 1) ІЩССЦ) 1640 cm '(0=0), 1597 cm Vom) ' н NMRÍCDClj) δ 0 85 (s, ЗН, СНз-С-С=С), δ 1 06 
(t, IH, / 7 5 Hz, СН2-СНз), δ 1 42 (s, 2H, C-CH2-C), δ 1 95 (s, ЗН, СНз-С=С), δ 2 09 - 2 55 (m, 2H, 
CH2 СНз), δ 4 89 - 5 06 (m, 2Н, СН2=С), δ 7 23 - 7 39 (m, 5Н, arom) MS (ΕΙ) m/e 232 (M+) 
l-Methylsulfenyl-2 methyl-1 -phenyl-2-(2'-propenyl)cylopropane 3b 
То a stirred soluuon of 2b (0 20 g, 0 81 mmol) in dichloromethane (40 ml) at room temperature an excess 
methyl iodide (1 0 ml) was added and the reaction mixture was heated at reflux The reaction was 
monitored using tic (silica gel, diethyl ether) For the remaining part of the reacüon the procedure given for 
3a was followed Chromatographed with light petroleum / dichloromethane (3 1) ІЩССЦ) 1640 
cm 4 0 = 0 , 1600 cm '(arom) Ή NMRtCDClj) δ 0 87 (s, ЗН, СНз-С-С=С), δ 1 34 (s, 2H, C-CH2-C), δ 
1 87 (s, ЗН, СНз-S), δ 1 94 (s, ЗН, СНз-С=С), δ 4 94 (s, 2Н, СН2=С), δ 7 23 (s, 5Н, arom) MS(EI) щ/е 
218 (M+) 
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S U M M A R Y 
This thesis deals with the synthesis and reactions of oxo sulfines and oxo sulfoxides Ь the first 
chapter the chemistry of sulfines (thione S-oxides) is briefly reviewed 
In Chapter Π the synthesis of sulfines from doubly-activated methylene compounds and thionyl 
chlonde is descnbed The first step in this synthesis is C-sulfinylation to give a-methinesulfinyl chlondes 
(Scheme 1) These intermediate compounds undergo further reactions, depending on the reaction 
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conditions and the substrate used When an equimolar amount of thionyl chlonde is employed the 
dehydrochlonnation to produce sulfines is favored For some active methylene compounds a considerable 
influence of the order of addition of the reactants was established For example, addition of thionyl 
chlonde to dimedone gave no sulfine at all but an oxathiole instead (Scheme 2) Addition of dimedone to 
О 
О 
•HCl 
о 
H 
Cl 
S 
о ö 
•HCl 
о 
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Scheme 2 
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thionyl chlonde however gave a sulfine, which was trapped m situ as its cycloadduct with 
2,3-dimethyl-1,3-butadiene 
A large vanety of doubly-activated methylene compounds was reacted with thionyl chlonde to 
produce sulfines (Scheme 3) These sulfines could not be isolated in substance but needed to be trapped by 
a cycloaddmon reaction with 2,3-dimethyl-l,3-butadiene The first step in this sulfine synthesis is 
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facilitated by a tertiary amine base, e.g. 2,6-lutìdine or triethylamine. The geometry of the sulfines formed 
from unsymmetrically substituted methylene compounds is discussed in detail. The kinetic preference for a 
particular geometry is governed by the thermodynamic stability of the respective sulfine isomers. This 
method for the preparation of sulfines from methylene compounds and thionyl chloride is limited to 
substrates which are sufficiently activated to undergo nucleophilic reaction with thionyl chloride. 
Less activated methylene compounds give only modest yields of sulfines or fail to give sulfines. 
For methylene carbonyl compounds, the nucleophilicity of the methylene group can be enhanced by 
converting them into silyl enol ethers. The synthesis of o-oxo sulfines from silyl enol ethers and thionyl 
chloride is described in Chapter Ш. The first step in this synthesis is the formation of a β-οχο α-methine-
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sulfinyl chloride. These sulfinyl chlorides not only undergo the desired dehydrochlorination to produce 
sulfines, but also a further reaction with silyl enol ethers to give ß.ß'-dioxo sulfoxides (Scheme 4). For 
silyl enol ethers derived from ketones the sulfine formation was not accompanied by the unwanted reaction 
to give sulfoxides. The initially formed sulfinyl chlorides preferably undergo dehydrochlorination to give 
ct-oxo sulfines, which are isolated as their cycloadducts with 2,3-dimethyl-l,3-butadiene. 2,6-Lutidine is 
used as base and probably merely serves as the HCl-scavenger and plays no active role in the 
dehydrochlorination reaction. 
In the case of silyl enol ethers derived from esters the addition of a tertiary amine base is essential 
for the dehydrochlorination. Furthermore, the order of addition of reactants is crucial for the course of the 
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reaction. When a mixture of silyl enol ether and triethylamine is added to thionyl chloride and 
2,3-dimethyl-2>3-butadiene the sulfine formation is favored, whereas inverse addition procedure leads to 
β,β'-dioxo sulfoxides. 
The reaction of silyl enol ethers and thionyl chloride is an excellent method for the preparation of a 
variety of α-οχο sulñnes when the appropriate experimental conditions are chosen. The geometrical 
configuration of the sulfines formed in this manner is discussed. Ь most cases the £-isomer (the carbonyl 
group anti to the sulfine oxygen atom) is formed preferentially. 
The reaction of a silyl enethiol ether with thionyl chloride and with arenesulfinyl chlorides was 
also investigated for comparison (Scheme S). The products shown were isolated in moderate yields. 
SSiMej
 0
 s
 S 
κ = ο6Η5,ρ-θΗ4α,α 
s " 
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Scheme 5 
Chapter IV deals with the reaction of α-οχο sulfines, generated in situ, with 2-silyloxy-l,3-
butadienes (Scheme 6). The initially formed cycloadducts readily hydrolyze to thiacyclohexan-3-one 
S-oxides. The regiochemistry of this cycloaddition reaction is discussed in terms of the frontier molecular 
orbital theory. 
In Chapter V the use of several sulfmyl transfer reagents in the reaction of 1-trimethylsilyloxy-l-
cyclohexene to the corresponding α-οχο sulfine is described. In addition to thionyl chloride, 
N-(chlorosulfinyl)imidazole in particular gives a good result (Scheme 7). The first step in the reaction of a 
silyl enol ether with N-(chlorosulfinyl)imidazole is the formation of a β-οχο α-methinesulfinyl chloride, 
with concomitant elimination of trimethylsilylimidazole. The second step is again dehydrochlorination, to 
produce the α-οχο sulfine (Scheme 7). The advantages of this reagent are that it has a good scope, similar 
to thionyl chloride, that no additional base is required in most cases, and that mild reaction conditions and 
an easy work-up procedure can be applied. Triethylamine had to be added to improve the yield only when 
a silyl enol ether derived from a ester was used as a starting substrate. When 2-trimethylsilyloxy-l,3-
butadiene was used to trap the α-οχο sulfines generated in situ better yields were obtained when 
AKchlorosulfmyl)imidazole was employed instead of thionyl chloride. Ethyl vinyl ether could also be used 
to trap α-οχο sulfines to give oxathiines (Scheme 7). 
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Chapter VI deals with reactions of l-silyloxy-l,3-dienes with sulfinyl chlorides. It was 
demonstrated that l-silyloxy-l,3-dienes reacted with thionyl chloride at the γ-position to give unsaturated 
sulfinyl chlorides (Scheme 8). Subsequent dehydrochlorination gave γ-οχο-α,β-unsaturated sulfines, which 
were again trapped by a cycloaddition reaction with 2,3-dimethyl-l,3-butadiene. Sometimes the 
cycloadduct could be isolated, but it also underwent a Pummerer-type reaction to provide unsaturated 
thiapyranes (Scheme 8). 
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l-Silyloxy-l,3-dienes reacted with aienesulfínyl chlorides to give y-arylsulfinyl-a.ß-unsaturated 
carbonyl compounds (Scheme 9). In all cases only γ-addition was observed. Treatment of these 
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Scheme 9 
Y-arylsulfmyl-ct.ß-unsatuiated carbonyl compounds with a strong base and subsequent quenching with 
methyl iodide, resulted in methylation of the a- and / or γ-position depending on the base and solvent used. 
When the aldehyde function in arylsulfìnyl enals was protected as an acetal the allyl sulfoxide thus 
obtained underwent a smooth [2,3]-sigmatropic reanangement on heating to give an allyl alcohol. For 
К
г
=Н elimination of an arylsulfenic acid led to an extension of the conjugation of the enone system. 
In Chapter П some reactions of the cycloadducts obtained from o-oxo sulfines and 
2,3-dimethyl-l,3-butadiene are described. The carbonyl containing substituent of these heterocycles can be 
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transformed into an alcohol, aldehyde or alkene function using simple methods, such as metal hydride 
reductions and Wittig-reactions. The carbonyl containing subsntuent can be removed by reduction to the 
corresponding alcohol followed by a retro-condensation. Treatment of 2,2-disubstituted dihydrothiapyran 
5-oxide with n-butyllithium and subsequent quenching with an electrophile resulted in substitution at the 
6-position.The sulfoxide function of these thiapyran S-oxides could be readily reduced to a sulfide using 
trifluoracetic anhydride and sodium iodide in acetone, or using LiAlH4 at higher temperatures. These 
sulfides were used in ring transforming reactions, as depicted in Scheme 10. 
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S A M E N V A T T I N G 
In dit proefschnft worden de synthese en reacties van oxo-sulfinen en oxo-sulfoxiden beschreven 
In het eerste hoofdstuk wordt een kort overzicht gegeven van de chemie van sulfinen (thion-S-oxiden) 
In het tweede hoofdstuk wordt de synthese van sulfinen uit dubbel geactiveerde methylecn-
verbmdingen en thionylchlonde beschreven De eerste stap m deze synthese is een C-sulflnylenng, waarbij 
ot-methinesulfinylchlonden worden gevormd (Schema 1) Deze tussenproducten ondergaan verdere 
O R, 
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Schema 1 
reacties afhankelijk van de reactiecondities en het gebruikte substraat Indien een equivalente hoeveelheid 
thionylchlonde wordt gebruikt, dan wordt de dehydrochlorenng tot sulfinen begunstigd Voor sommige 
actieve methyleenverbindingen werd er een aanzienlijke invloed van de volgorde van additie van de 
reactanten vastgesteld Bijvoorbeeld, additie van thionylchlonde aan dimedon gaf geen sulfme maar in 
plaats hiervan werd een oxathiool verkregen (Schema 2) Als daarentegen dimedon aan thionylchlonde 
O 
O O o 
•HCl 
H 
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s 
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Schema 2 
wordt toegevoegd, dan wordt alleen een sulfine verkregen, dat m sim werd afgevangen door een 
cycloaddme met 2,3-dimethyl-l,3-butadieen 
Een grote verscheidenheid aan actieve methyleenverbindingen reageerde met thionylchlonde, 
waarbij sulfinen worden gevormd (Schema 3) Deze sulfinen konden met als zodanig worden geïsoleerd, 
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maar moesten worden afgevangen door een cycloadditie-reactie met 2,3-dimethyl-l,3-butadieen. De eerste 
stap in deze synthese van sulfmen wordt vergemakkelijkt door een tertaire amine base, b.v. 2,6-lutidine of 
triethylamine. De geometrie van de sulfmen verkregen uit niet-symmetrische methyleenverbindingen is 
uitvoerig besproken. De kinetische voorkeur voor een bepaalde geometrie wordt bepaald door de thermo-
dynamische stabiliteit van de afzonderlijke sulfine-isomeren. Deze methode voor de bereiding van sulfmen 
uit methyleenverbindingen en thionylchloride is beperkt tot substraten die voldoende geactiveerd zijn om 
een nucleofiele reactie met thionylchloride te ondergaan. 
Minder geactiveerde methyleenverbindingen geven sulfmen in een bescheiden opbrengst of in het 
geheel niet. Methyleencarbonyl-verbindingen kunnen worden geactiveerd door ze om te zetten in de 
overeenkomstige silylenolethers. De synthese van ct-oxo-sulfmen uit silylenolethers en thionylchloride is 
beschreven in het derde hoofdstuk. De eerste stap in deze synthese is de vorming van een ß-oxo-
a-methinesulfmylchloride. Deze sulfinylchloriden geven sulfmen indien ze de gewenste dehydrochlorering 
ondergaan, maar ze kunnen ook verder reageren met silylenolethers waardoor β,β'-dioxosulfoxiden 
worden gevormd (Schema 4). Bij silylenolethers afgeleid van ketonen werd de sulfinevorming niet 
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vergezeld door de ongewenste reactie tot sulfoxide. De in het begin gevormde sulfinylchloriden ondergaan 
bij voorkeur een dehydrochlorering waarbij a-oxo-sulfinen worden gevormd, die als hun cycloadduct met 
2,3-dimethyl-l,3-butadieen worden geïsoleerd. 2,6-Lutidine wordt gebruikt als base en dient waarschijnlijk 
alleen als HCl-afvanger en speelt geen actieve rol in de dehydrochloreringsreactie. 
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In het geval van silylenolethers afgeleid van esters is het toevoegen van een tertiäre amine base 
essentieel voor de dehydrochlorenng. Verder is de volgorde van toevoegen van de reactanten beslissend 
voor het verloop van de reactie. Indien de silylenolether en triethylamine worden toegevoegd aan thionyl-
chloride en 2,3-dimethyl-2,3-butadieen is de vorming van sulfine bevoordeeld, echter de omgekeerde 
toevoegprocedure leidt tot β,β'-dioxosulfoxiden. 
Wanneer de juiste experimentele condities worden gekozen dan is de reactie van silylenolethers en 
thionylchloride een uitstekende methode om een verscheidenheid aan a-oxo-sulfmen te bereiden. De 
geometrische configuratie van de aldus gevormde sulfinen wordt besproken; in de meeste gevallen werd de 
E-isomeer (de carbonylgroep antie ten opzichte van het sulfinezuurstof-atoom) bij voorkeur gevormd. 
Voor de vergelijking werd de reactie van een silylenethiolether met thionylchloride ook onderzocht 
(Schema 5). De in het schema aangegeven producten werden in een matige opbrengst verkregen. 
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In het vierde hoofdstuk wordt de reactie van m situ gevormde α-οχο-sulfinen met г-зіІуІоху-І.З-
diënen behandeld. De oorspronkelijk gevormde cycloadducten hydrolyseren gemakkelijk tot 
thiacyclohexan-3-on-S-oxiden. De regiochemie van deze cycloadditie wordt besproken in het kader van de 
frontier orbital theorie. 
In het vijfde hoofdstuk wordt het gebruik van enkele sulfinyloverdrachtsreagentia in de reactie van 
l-trimethylsiloxy-l-cyclohexeen naar het overeenkomstige a-oxo-sulfine beschreven. Naast thionyl-
chloride, geeft vooral N-(chlorosulfinyl)imidazool goede resultaten (Schema 7). De eerste stap in de 
reactie van een silylenolether met /V-(chlorosulfinyl)imidazool is de vorming van een β-οχο-α-
methinsulfinylchloride onder de eliminatie van tnmethylsilylimidazool. De tweede stap is wederom een 
dehydrochlorering waardoor de α-οχο-sulfine wordt gevormd. De voordelen van dit reagens zijn dat het 
een goede synthetische toepasbaarheid heeft, gelijk aan thionylchloride, dat in de meeste gevallen geen 
extra base nodig is en dat milde reactioncondities en een eenvoudige opwerkprocedure mogelijk zijn. 
Alleen wanneer een silylenolether afgeleid van een ester wordt gebruikt als uitgangsstof moest 
triethylamine worden toegevoegd om de opbrengst te verbeteren. Wanneer 2-trimethylsilyloxy-l,3-
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butadieen werd gebruikt om de ш situ gevonnde o-oxo-sulfinen af te vangen, werden betere opbrengsten 
verkregen bij het gebruik van N-(chlorosulfmyl)irmdazool in plaats van thionylchlonde Ook ethylvinyl-
ether kon worden gebruikt om a-oxo-sulfinen af te vangen, waarbij oxathiinen worden gevormd 
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Schema 7 
Het zesde hoofdstuk behandelt de reactie van l-silyloxy-l,3-dienen met sulfinylchlonden Er werd 
aangetoond dat l-silyIoxy-l,3-dienen met thionylchlonde op de γ-posiüe reageren, waardoor onverzadigde 
sulfinylchlonden ontstaan (Schema 8) Vervolgens geeft dehydrochlorenng a.ß-onverzadigde-v-oxo-
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sulfinen, welke weer afgevangen werden door een cycloadditie met 2,3-dimethyl-l,3-butadieen. Soms kon 
het cycloadduct worden geïsoleerd, maar ook onderging het een Pummerer reactie waardoor onverzadigde 
thiapyranen worden verkregen (Schema 8). 
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l-Silyloxy-l,3-diënen reageren met areensulfmylchloriden waardoor Y-arylsulfinyl-a,P-
onverzadigde carbonylverbindingen ontstaan. In alle gevallen werd alleen γ-additie waargenomen. 
Behandeling van deze y-arylsulnnyl-a,ß-onverzadigde carbonylverbindingen met een sterke base en 
vervolgens quenching met methyljodide resulteerde in methylering van de α- en / of γ-positie, afhankelijk 
van de gebruikte base en oplosmiddel. Als de aldehyde functie in een arylsulfinylenal in de vorm van een 
acetaai wordt beschermd dan ondergaat de allyl sulfoxide bij verwarmen een [2,3]-sigmatrope omlegging 
tot de overeenkomstige allyl alcohol. Wanneer К3=Н leidt eliminatie van een arylsulfeenzuur tot een 
uitbreiding van de conjugatie van het enonsysteem. 
In het zevende hoofdstuk worden enige reacties beschreven van de cycloadducten die werden 
verkregen vanuit ot-oxo-sulfïnen en 2,3-dimethyl-l,3-butadieen. De carbonylbevattende substituent van 
deze heterocyclìsche verbindingen kan door middel van eenvoudige methoden, zoals metaal hydride 
reducties en de Wittig-reactie, worden omgezet in een alkohol-, aldehyde- of alkeen-functie. De carbonyl-
bevattende substituent kan worden verwijderd door middel van een reductie tot de overeenkomstige 
alkohol gevolgd door een retro-condensatie. Behandeling van 2,2-digesubstitueerde dihydrothiapyran-S-
oxiden met л-butyllithium en vervolgens quenching met een electrofiel resulteerde in substitutie aan de 
6-positie. De sulfoxide-functie van deze thiapyran-5-oxiden kunnen goed worden gereduceerd tot een 
sulfide door middel van trifluorazynzuuranhydride en natriumjodide in aceton of door middel van LiAlH4 
bij hogere temperaturen. Deze sulfiden werden gebruikt in ringvormde reacties, zoals weergegeven in 
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Schema 10. 
Een samenvatting in het Engels en het Nederlands besluit dit proefschrift. 
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C U R R I C U L U M V I T A E 
De auteur van dit proefschrift werd geboren op 23 juni 1961 te Gendringen. In juni 1979 behaalde 
hij het diploma Atheneum aan het Isala-college te Silvolde. In september van hetzelfde jaar werd 
begonnen met de studie scheikunde aan de Katholieke Universiteit te Nijmegen. Het kandidaatsexamen 
(S2) werd afgelegd op 22 september 1982. De doctoraalstudie omvatte als eerste hoofdvak Organische 
Chemie (Prof. Dr. B. Zwanenburg), als tweede hoofdvak Biochemie (Prof. Dr. H. Bloemendal, Dr. A. 
Berns) en als aanvulling een caputcollege Katalyse (Prof. Dr. Ir. J.W.E. Coenen). Het doctoraalexamen 
werd afgelegd op 29 april 1985. Op 1 mei 1985 werd hij aangesteld als wetenschappelijk assistent aan het 
Laboratorium voor Organische Chemie van de Katholieke Universiteit te Nijmegen en werd onder leiding 
van Prof Dr. B. Zwanenburg begonnen met het in dit proefschrift beschreven onderzoek. Sinds 1 oktober 
1989 is hij werkzaam bij Organon International B.V. te Oss. 
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